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Introduced in October 1995, the new XC9500 family of 5 V 
in-system programmable devices represents the next 
generation of CPLD solutions from Xilinx. Based on the 
innovative FastFLASH process technology, the XC9500 
family incorporates a unique combination of product fea¬ 
tures specifically developed to meet all the needs for in- 
system programmability throughout what is typically 
known as the “customer’s product life cycle”. 

This product life cycle starts with board level prototyping 
and system debug, programming and board level testing 
during manufacturing, and finally, field upgrades. The 
XC9500 addresses all these needs with industry-leading 
features such as 5 V ISP, predictable pin-to-pin delays as 
fast as 5 ns, density to 6,400 gates, 10,000 program/ 
erase cycles, superior pin-locking and extended IEEE 
1149.1 JTAG support. Add to this the industry’s first 5 V 
FastFLASH process technology specifically optimized for 
high-performance in-system programmable CPLDs and 
Xilinx now has a product which offers customers the 
industry’s best in-system programmable CPLD for their 
complete product life cycle. 


This applications guide assists the CPLD user throughout 
every phase of their end product. Topics critical to in-sys¬ 
tem programmability such as pin pre-assignment and 
field upgrades where adding new features to a current 
product can be done by changing the software, with no 
hardware impact are included. In addition, there are 
detailed technical product specifications. 

Xilinx products have always been designed to create a 
dramatically faster and more efficient product develop¬ 
ment process. By using these new XC9500 in-system 
programmable logic devices, customers can now add to 
those benefits the flexibility, performance, reliability and 
testability necessary for supporting the ever-shorter prod¬ 
uct life cycles. 
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Summary 

The Xilinx FastFLASH technology is a new 0.6 micron, 
double-polysilicon, 2-layer metal CMOS flash technol¬ 
ogy for CPLDs. The technology is capable of 5 V in 
system programming, high cell density needed for pin¬ 
locking, and a high endurance level of 10,000 in-system 
program/erase cycles. Compared to typical CPLD- 
EEPROM technology, FastFLASH technology affords 
advantages in reliability, density, and performance. The 
technology compatibility with industry-leading flash pro¬ 
cesses ensures the scalability of the basic process and 
the availability of foundry capacity. 

Background 

CPLDs are programmable by the user to implement the 
desired logic function. As non-volatile devices, CPLDs 
retain the programmed information even after power 
has been removed. This ability is provided by the under¬ 
lying non-volatile process technology. 

The process technology for CPLDs traditionally follows 
non-volatile memory (NVM) technologies. EPROM mem¬ 
ory technology offers excellent memory cell density and 
low process cost, although it is not electrically erasable. 
EEPROM technology offers electrical erasability and 
reasonable process cost. However, it requires a rela¬ 
tively large memory cell size and offers limited 
endurance. Flash technology, which may be viewed as 
an electrically erasable extension of EPROM technol¬ 
ogy, offers the best long term technology solution by 
providing the cell density of EPROM, the electrical eras¬ 
ability of EEPROM, excellent endurance characteristics, 
and long term process cost benefits. 

Compared to EEPROM technology, the proprietary Fast¬ 
FLASH technology supports the needs of CPLDs by 
providing: 

• high-performance logic capability 

• high memory cell density 

• electrical erasability 

• 5 V program and erase 

• high reliability and endurance 

• process scalability 

This document describes the FastFLASH process tech¬ 
nology and compares it with EEPROM technology. 


EEPROM Technology 

EEPROM technology was the first electrically erasable 
technology used for CPLDs. The programmable ele¬ 
ment is a special thin oxide capacitor that conducts a 
small current when a sufficient voltage is applied across 
the oxide. The tunnel oxide, approximately 80 Ang¬ 
stroms thick, is used to inject or extract charge from a 
floating gate via Fowler-Nordheim tunneling. The float¬ 
ing gate is connected to the gate of a sense transistor in 
order to sense the programming state. In addition to the 
tunnel oxide capacitor and sense transistor, two more 
transistors and an additional control capacitor is 
required to create a single EEPROM cell that can be 
programmed, erased, and used in a CPLD application. 

Figure 1 shows the schematic and cross-section of an 
EEPROM cell used in CPLDs. The tunnel oxide capaci¬ 
tor transports charge to and from the floating gate, 
which controls the the sense transistor. Two additional 
transistors are used for program and read operations. A 
control gate capacitor is needed to transfer voltage to 
the floating node for program and erase operations. 
Compared to standard CMOS logic processes, three 
additional device structures must be created for the 
EEPROM cell: the tunnel oxide capacitor, the control 
gate capacitor and the high-voltage transistor. The 
resulting process complexity makes the process and 
EEPROM cell more difficult to scale on future genera¬ 
tions of technology. 

The EEPROM cell density is poor since each cell is a cir¬ 
cuit consisting of five separate device structures. The 
EEPROM cell area in a typical 0.6 micron technology is 
75 to 100 square microns. The poor cell density directly 
affects the pin-locking ability of the architecture since 
more routing switches greatly increases the overall die 
size. The large cell size also introduces parasitic capaci¬ 
tances which limit the overall performance. 

FastFLASH Technology 

FastFLASH technology is compatible with industry-lead¬ 
ing flash processes. The basic programmable element 
is the flash transistor which incorporates the floating 
gate into the device structure for improved cell area 
(see Figure 2). The flash transistor is incorporated into 
the FastFLASH cell by the addition of an NMOS transis¬ 
tor in series (shown in Figure 3). 
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Figure 1. EEPROM Cell (a) Schematic and (b) Cross-section 



X5842 

Figure 2. Flash Transistor Cross-section in FastFLASH 
Technology 
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Figure 3. FastFLASH Cell Schematic and Cross Section 


1-4 






KXILINX 



Figure 4. Current vs. Voltage For Programmed and 
Erased FastFLASH Cell 


The behavior of an individual flash transistor can be 
changed by either programming or erasing operations. 
When a flash transistor is in the erased state, the threshold 
voltage (V ta ) is approximately 1 V. When the transistor is 
programmed, its threshold voltage (V tb ) is increased suffi¬ 
ciently above 5.5 V so that the transistor cannot be turned 
on during user logic operation. (See Figure 4.) 

The physical structure of the flash transistor includes a 
floating gate polysilicon layer that is isolated from the sili¬ 
con substrate by a thin oxide approximately 100 
Angstroms thick. Above the floating gate is the control 
gate polysilicon layer, with an insulating oxide-nitride- 
oxide layer between them. The control gate is driven by 
internal logic circuits, while the floating gate is left uncon¬ 
nected. When the flash transistor is in the erased state, 
there is no net charge on the floating gate. By modifying 
the net electrical charge on the floating gate, the thresh¬ 
old voltage may be increased to 6 V or more. 

The flash transistor is programmed by applying approxi¬ 
mately 12 volts to the control gate, 5.5 volts to the drain, 
and 0 volts to the source (see Figure 5). The voltages 
can be supplied by internal voltage pumps or externally 
by a device programmer. During the programming oper¬ 
ation, channel hot electrons (CHE) are created near the 
pinch-off region. Some CHEs have sufficient thermal 
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Figure 5. FastFLASH Cell Programming Operation 
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Figure 6. FastFLASH Cell Erase Operation 


energy to pass through the thin oxide and remain on the 
floating gate. The collected electrons create a net nega¬ 
tive voltage on the floating gate that opposes the 
electric field emanating from the control gate. The result 
is a net increase in the threshold voltage. 

The flash transistor can then be erased by applying 0 
volts to the control gate and approximately 10 volts to 
the source with the drain left floating. See Figure 6. In 
this case, the electric field between the floating gate and 
the source node is increased to the point when Fowler- 
Nordheim tunneling can take place. Excess electrons 
are transported from the floating gate to the source. The 
transistor is designed to make the erase process self- 
limiting. As electrons are removed from the floating 
gate, the electric field decreases. FN tunneling effec¬ 
tively stops when the floating gate is electrically neutral. 

Reliability and Endurance 

The reliability of the programmable cell relates to data 
retention and endurance. Data retention is how long the 
cell can keep its programmed and erased states. Endur¬ 
ance is the number of times a cell can be programmed 
and erased before failure. 

When a cell is programmed and electrons are injected 
into the floating cell, the net charge should remain indefi¬ 
nitely. In practice, charge leaks off - typically tens of 
years under normal storage and operating conditions. 
The charge transport can occur due to direct tunneling 
and thermal leakage. Direct tunneling is exponentially 
dependent on electric field. Generally, the direct tunnel¬ 
ing leakage current is very small and largely negligible. 
Thermal leakage is the dominant leakage component. 
The leakage characteristics have been thoroughly char¬ 
acterized and modelled. 

Endurance is determined by the magnitude of the 
applied E field and the quality of the thin oxide used for 
program and erase. When program and erase opera¬ 
tions are performed in both FastFLASH and EEPROM 
cells, electrons are transported across the oxide in the 
direction of the applied electric field in both CHE injec¬ 
tion and FN tunneling operations. 
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Endurance failures occur in the alteration of the tunnel 
oxide characteristics with repeated charge transport 
across the oxide. In FastFLASH technology, the maxi¬ 
mum electric field is approximately 10 MV/cm. 
Consequently, the major cause of endurance failure is 
electron trapping in the tunnel oxide. After a large number 
of reprogramming cycles (typically over 100,000 and up 
to 1 million cycles), traps can be created within the oxide. 
When a sufficient number of electrons become trapped in 
the oxide, the localized electric field is distorted. The 
result is reduced program and erase efficiency, and 
reduced voltage margins between programmed and 
erased states. The FastFLASH technology endurance fail¬ 
ure is a gradual degradation rather than an abrupt failure. 

In EEPROM cells, the program and erase fields are 15 
to 20 MV/cm. The substantially higher field makes the 
EEPROM cell susceptible to destructive tunnel oxide 
breakdown and electron trapping in the oxide. Since the 
oxide is physically ruptured, the cell is permanently dam¬ 
aged. The EEPROM endurance failure mechanism is a 
hard failure and difficult to screen. 

In both flash and EEPROM technologies, oxide quality 
control becomes important. In typical CPLD EEPROM 
technologies, the tunnel oxide is approximately 80 Ang¬ 
stroms, among the thinnest tunneling oxides in use 
today. In contrast, FastFLASH technology uses industry- 
standard process steps to achieve a high-quality tunnel 
oxide of approximately 100 Angstroms. 


There is a difference between the endurance of a single 
cell, and the overall endurance of the CPLD product 
which may use 100,000 cells or more. For the CPLD, fail¬ 
ure statistics of a large number of cells suggest that the 
product endurance is typically 1.5 orders of magnitude 
lower than the endurance of an individual cell. 

By using a significantly thicker tunnel oxide and lower 
electric fields than EEPROM technologies, the Fast¬ 
FLASH technology offers an endurance level of 10,000 
cycles. This is compared with only 100 to 1000 cycles 
for current EEPROM CPLDs. 

Cell Density 

The FastFLASH cell, with its flash transistor and series 
read transistor, is considerably smaller than the compa¬ 
rable EEPROM cell with five device structures. Figure 7 
shows the relative layouts of the FastFLASH cell and an 
EEPROM cell. The FastFLASH cell is approximately 25 
square microns in 0.6 micron technology. In contrast, the 
EEPROM cell is approximately 75 to 100 square 
microns, or 3 to 4 times larger. Therefore, FastFLASH 
offers three or more times cell density than EEPROM 
technology. 

Cell density is important in CPLD technology, since each 
routing switch is controlled by a programmable cell. 
EEPROM-based CPLD architectures use fewer program¬ 
mable cells for routing, directly impacting the routability 
and pin-locking capability. 



Figure 7. Layout Comparison of FastFLASH Cell (a) and EEPROM Cell (b) 
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Process Scalability 

Process scalability is the ease of shrinking the process 
and chips to future generations of technology with 
smaller chip sizes, lower chip costs, and faster chips. It 
is important to ensure that a migration path to cost and 
speed improvements, as well as continued availability of 
the process to meet production requirements. 

Factors that contribute to process scalability include: 

• Number of different device structures 

• Scalability of the programmable cell 

• Compatibility with main-stream memory processes 

The leading flash memory technologies are double-poly¬ 
silicon, stacked gate technologies with CHE injection for 
programming and FN tunneling for erase. These technol¬ 
ogies offer superior process scaling and continued 
improvements in technology developments for cost and 
speed. Since the FastFLASH technology is compatible 
with these process technologies, it will continue to enjoy 
continued process migration to tighter geometries. 

In contrast, EEPROM technology used in CPLDs are not 
used in high-volume memory technologies. Combined with 
a complex cell structure, EEPROM technologies are sub¬ 
stantially more difficult to migrate to tighter geometries. 


Conclusion 

FastFLASH technology offers significant advantages in 
reliability, density, and performance over comparable 
EEPROM technologies. By utilizing a flash transistor 
structure that is compatible with the leading non-volatile 
memory technology, process scalability and future 
foundry availability is ensured. 
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Application Note 


Introduction 

Xilinx XC9500 CPLDs solve a wide range of logic and 
state machine problems for today's high performance 
digital systems. This application note gives a series of 
useful design examples and practical details for suc¬ 
cessful designs. Since the architecture is uniform across 
the XC9500 family, these design techniques apply to all 
devices. 

XC9500 Architecture 

The XC9500 architecture is comprised of multiple identi¬ 
cal function blocks internally connected with a fully 
populated FastCONNECT switch matrix. The XC9500 
function block has 18 macrocells per block and supports 
pin-to- pin speeds as fast as 5 ns with clock rates up to 
125 MHz. I/O signals can interface with 5 V, 3.3 V or both 
levels. Current software support includes XACTstep, 
ABEL, VHDL, Verilog and operates with additional 3rd 
party schematic and simulation environments. 


Figure 1 shows the global XC9500 architecture. Note the 
regular structure of high speed function blocks centrally 
connected by FastCONNECT and surrounded by pins. 
Signals enter and exit on the pins, form logic operations 
within the function blocks and form connections and logic 
operations within FastCONNECT. Each section will be 
briefly discussed, to show key functionality. 

Interconnect within Function Blocks 

Function blocks have 36 input sites. The blocks receive 
signals from FastCONNECT and block input pins. The 
logic blocks generate 18 signals per function block from 
the 18 macrocells in each block. Each macrocell signal 
can drive its own dedicated I/O pin or feedback by enter¬ 
ing FastCONNECT. Additional local paths exist within 
the function block to connect signals at high speed. 

FastCONNECT 

FastCONNECT attaches high speed pin-signals to the 
function blocks. It also connects every macrocell output 
to the function blocks through a fully populated crosspoint 
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Figure 1. XC9500 Architecture 
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switch. This connectibility supports design changes when 
an XC9500 is attached to the printed circuit board. 

Function Blocks 

The function blocks (Figure 2) are groups of 18 macro¬ 
cells. Each Function Block has 90 p-terms which can be 
assigned to any of the 18 macrocells via a proprietary 
allocation mechanism. This provides optimum logic flexi¬ 
bility within the function block and helps ensure pin- 
locked designs. Highest possible performance is attained 
by the software assigning a uniform five product terms 
per macrocell. The macrocell outputs can then drive out¬ 
put pins and/or feedback to both FastCONNECT and the 
function block in which it resides. 

The Macrocell 

In the default mode, there are 5 product terms that OR 
together driving the D input to the macrocell flip flop (see 
Figure 3). The most common arrangement includes an 
EX-OR gate capable of performing parity, full addition or 
logical inversion. 


Another configuration exports product terms to a neigh¬ 
boring macrocell, increasing that macroceH’s available 
product terms. Product term exporting is shown in Figure 
3. Assigning all product terms as needed across the func¬ 
tion block is possible. 

As shown, XC9500 flip-flops can be configured as a D or 
T flip-flop. This permits efficient counters to be built 
using but a few gates to drive the state transitions. 
Table 1 summarizes the number of p-terms needed to 
build up common logic functions. Most datapath func¬ 
tions require one or fewer macrocells per bit. 


Table 1: Macrocell/Product Term Allocation 


Data Operation 

P-Term Used 

Shift Register 

2 

Counters 

2-4 

n: 1 Mux 

n 

Adder 

6 

EX-OR 

2 

Storage registers 

1 



Global Global 

Set/Reset Clocks 


To FastCONNECT 
Switch Matrix 


| To I/O Blocks 
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Figure 2. XC9500 Function Blocks 
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To 
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l To 
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Table 2 shows the pin compatibility of the XC9500 fam¬ 
ily. Specifically, designs can be migrated among the 
parts. In many cases, greater density with equivalent 
speed can be gained by using larger parts. Should a 
design initially target a small part, the exact same 
design can be moved into larger parts, if additional capa¬ 
bility is required. This capability helps designs maintain 


their pin assignments if additional logic capacity is 
needed in a socket that is already committed to a 
printed circuit board. 

Automatic Software 

The design examples presented are shown using ABEL- 
which is simple and easy to understand. Typically, 


Table 2: XC9500 Available Packages and Device I/O Pins 



XC9536 

XC9572 

XC95108 

XC95144 

XC95180 

XC95216 

XC95288 

44-Pin PLCC 

34 







44-Pin VQFP 

34 







84-Pin PLCC 


69 

69 





100-Pin PQFP 


72 

81 

81 




100-Pin TQFP 


72 

81 





160-Pin PQFP 

1 

[ 


108 

133 

133 

133 


208-Pin PQFP 





168 

168 

168 


Note: Does not include the dedicated JTAG pins. 
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designers won’t designate specific function mapping 
into XC9500 designs, but occasionally, designers like to 
control how a solution is implemented, so these meth¬ 
ods may be of interest. 

Boolean operators used by ABEL are simply !,# and & 
for INVERT, OR and AND, respectively. Combinational 
logic expressions are formed with a simple equal (=) 
sign with operands and operators located on the right 
hand side of the expression. 

Flip-flop expressions are formed by writing expressions 
for the specific control pins of the flip flop. The D-input is 
a special case, where the equal sign is replaced by the 
compound symbol :=. Clock inputs are determined by 
the syntax FFname.dk, and reset inputs are designated 
by FFname.rst. 

A design file contains a header section including 
optional documentation sections and mandatory declara¬ 
tion of inputs, outputs, global signals and any user 
preferred arrangement of functions. 

Logic AND 

FastCONNECT is capable of combining signals with a 
wire AND function. As single lines enter FastCON¬ 
NECT, they are assigned to function block inputs, 
making connections. However, multiple lines driving a 
FastCONNECT connection form a wired AND function, 
that is useful for making additional logic. This feature 
increases both the logic capacity and available entry 
points to the Function Blocks. 

Gates 

The following expressions show the basic logic operations. 
ABAR = !A; 

AORB = A#B; 

AANDB = A&B; 

ANORB = !(A#B); 

ANANDB = !(A&B); 

AEXORB = A$B; 

AEXNORB = A!$B; 

Muxes and Decoders 

Using the above methods, compound expressions are 
formed to build up logic functions. Using AO to A3, BO to 
B3 and SEL (select) as inputs, a multiplexer follows: 

DATO = SEL&AO # ISEL&BO; 

DAT1 = SEL&A1 # ISEL&B1; 

DAT2 = SEL&A2 # ISEL&B2; 

DAT3 = SEL&A3 # 1SEL&B3; 


The approach extends to larger multiplexers. The above 
uses one macrocell per data bit and leaves behind two 
unused product terms in each macrocell. To take advan¬ 
tage of four product terms per macrocell, the idea 
expands as follows: 

DATO = S1&S0&D0 # S1&IS0&C0 # 

IS1&S0&B0 #!S1&!S0&A0 

DAT1 = S1&S0&D1 # S1&IS0&C1 # 

IS1&S0&B1 #!S1 &IS0&A1 

DAT2 = SI &S0&D2 # SI &IS0&C2 # 

IS1&S0&B2 #!S1&!S0&A2 

DAT3 = S1&S0&D3 # S1&IS0&C3 # 

IS1&S0&B3 #!S1&!S0&A3 

Very high speed decoders can be built in the macrocells 
to form SRAM select signals, but do not use all of the mac¬ 
rocell product terms or the flip flop in most cases. 
Decoders are formed as follow: 

DECO = IA3&IA2&IA1&IA0 

DEC1 = IA3&IA2&IA1&A0; 

DEC2 = IA3&IA2&A1&IA0; 

Registers 

Simple registers are formed as follows: 

A:= DATAINPUT; 

A.CLK = CLOCK; 

A.RST= RESET; 

This describes a D flip flop with its input tied to some¬ 
thing named DATAINPUT, its clock tied to a signal 
called CLOCK and its reset input tied to a signal called 
RESET. 

Shift Registers 

Cascading registers results in a shift register as follows: 

A:=DATAINPUT; 

B:=A; 

C:=B; 

D:=C; 

A. CLK = CLOCK; 

B. CLK = CLOCK; 

C. CLK = CLOCK; 

D. CLK = CLOCK; 

A. RST= RESET; 

B. RST = RESET; 

C. RST= RESET; 

D. RST = RESET; 
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This shifter uses four macrocells. If the signals desig¬ 
nated A,B,C,D are declared as outputs, they will appear 
somewhere at the pins of an XC9500 part. If A,B,C and 
D are declared as nodes (internal points), the software 
buries them. 

Counters 

Counters can be built in a number of different ways. The 
most efficient is to have the macrocell flip flops config¬ 
ured as T flip-flops. The following equations form T flip- 
flops, add logic to load, hold, increment and clear the 
flip-flops. Note the compact vector notation: 

module Tcount 


Parity 

Similar to compares, parity can be calculated with multi¬ 
ple data bits per macrocell. The first three bits are 
calculated using four p-terms ORed. This result is then 
delivered to the macrocell EX-OR where a fourth data 
variable is introduced. 

Latches 

Occasionally, designers need a transparent latch within 
an XC9500 device. The latch is formed by feeding the 
macrocell combinatorial logic back upon itself per the fol¬ 
lowing equation: 

Q = ENA&DATA + IENA&Q + Q&DATA 


title ‘4 bit counter with load and clear’ 


D0..D3 pin; 

Q3..Q0 pin istype ‘reg_T’; 

CLK, 10, II pin; 

Data = [D3..D0]; 

Count = [Q3..Q0]; 

Mode =[11,10]; 

Clear = [0,0]; 

Hold =[0,1]; 

Load =[1,0]; 

Inc =[1,1]; 
equations 


Count.T = ((Count.q+1) 

# (Count.q) 

# (Data) 
#( 0 ) 

$ Count.q 
Count.C = CLK; 
end 


& (Mode == Inc) 

& (Mode == Hold) 

& (Mode == Load) 
& (Mode == Clear)) 


Comparators 

Comparators are easily handled by the XC9500 macro¬ 
cell. Single bit comparators do not use all available 
macrocell product terms. A more efficient use is to han¬ 
dle four bits at a time to generate multiple compares per 
macrocell: 


COMP = !B1 &IB0&IA1 &!A0 + B1&IB0&A1&IA0 
IB1&B0&IA1&A0 + B1&B0&A1&A0 


Next, several COMP signals can be gated together to 
detect equality across larger groups of bits. Each group 
of four bits uses 4 function block inputs and several four 
bit compares can occur per function block. Another mac¬ 
rocell then forms the composite function of all the bit 
compares, as needed. Figure 4 shows this technique 
expanded to a 10-bit comparator, which is commonly 
used on the most significant address lines of a 32-bit 
microprocessor’s address lines. 


The signal Q&DATA is included to eliminate a hazard, 
making the Q output glitch free. 

Practical Considerations for XC9500 Designs 

XC9500 CPLDs offer additional system features. By fol¬ 
lowing a few simple rules, the XC9500 device interfaces 
with systems using 3.3 V and 5 V devices. Also, very 
high speed CPLDs behave much better if standard high 
performance printed circuit board techniques are 
adhered to, so a small checklist is appropriate for those 
rules. Best CPLD behavior is obtained by following a 


Aj 

and 

Bi 


2-Bit Compare 



/Compare 


X5857 


Figure 4.10-Bit Comparator 


2-5 







Designing With XC9500 CPLDs 


few guidelines with respect to the power-on Master 
Reset capability. 

Mixed Voltage Operation 

XC9500 CPLDs support mixed voltage systems com¬ 
bining both 3.3 and 5 Volt components. (See Figure 5). 
The XC9500 family contains both logic and level shift¬ 
ing functions in a single programmable device. This 
eliminates the need for discrete level translation buff¬ 
ers. These CPLDs feature split power supply rails. The 
internal core logic always runs at 5 volts for the fastest 
possible performance. The output buffers can be pow¬ 
ered by either 5 volts or 3.3 volts by connecting the I/O 
Vcc to a 3.3 volt or 5 volt supply. True TTL compatibil¬ 
ity allows XC9500 CPLDs to drive and be driven by 
any combination of 3.3 and 5 volt logic without any per¬ 
formance penalty, even when the I/O Vcc pins are 
powered by 3.3 volts. 

The XC9500 I/O structure is shown in Figure 6. Input 
protection diodes are connected to the internal 5 volt 
power supply rail and not the output buffer supply rail. 
This allows the input to withstand a maximum voltage 
of >5 volts, even when the I/O power pins connect to 
3.3 volts. Since both output transistors are N-channel 
devices, there is no parasitic diode to be forward 
biased if the output is 3-stated and a 5 volt device is 
driving the XC9500 I/O pin. The CPLD then operates 
on a bus including both 3.3 V and 5 V devices. 

Since the input protection circuitry is powered by the 
5 volt core logic supply, the 5 volt supply must always 
be powered up before the 3.3 volt I/O supply. This 
prevents external 3.3 V devices from forward biasing 
the protection diodes. Similarly, the 3.3 volt I/O sup¬ 
ply must be powered down before the 5 volt core 
logic supply. This is not an issue with 5 volt only 
systems. 


XC9500 devices are TTL-compatible with 3.3 and 5 
volt logic as shown in Figure 7. The 5 volt TTL logic 
input thresholds are VIH = 2.0 V and VIL = 0.8 V. 
XC9500 CPLDs drive HIGH greater than 2.4 V and 
LOW below 0.4 V at rated output drive currents, with at 
least 400 mV noise margin. 

High Speed Design Considerations 

XC9500 CPLDs are offered with pin-to-pin delays as 
fast as 7.5 and 5 ns. The actual parts may in fact be 
somewhat faster. Additional care should be taken 
when using these parts, because of this speed, so that 
adjoining chips will operate properly. 

Many high speed designs also require high current 
drive outputs for handling capacitive loads. XC9500 
CPLDs provide 24 mA drivers to eliminate the need for 
additional buffering that might impact system speed. 
This results in a need to manage the total current 
being switched, so a strategy to do that is provided. 



Figure 6. XC9500 I/O Structure 


5 V CMOS 

5 V 

1 


5 V CMOS 

5 V 3.3 V 


5V ^ 

OV —A— 

t-1 


5V -y~ 

OV -A- 




V CCINT V CCIO 



V CCINT V CCIO 


5 V TTL or 


5 V TTL 

5 V TTL or 


3.3 V 

3 - 6V 'V' 

o v -7\- 

- 

... XC9500 r , l 1T 
IN CPLD 0UT 

- 

O -£>■ 

< < 


3.6 V —v y— 

0 v -X- 

- 

... XC9500 nMT 
IN CPLD 0UT 

- 

33 v -y 

ov -A- 

3.3 V or 



3.3 V or 



33V ^r 

ov -A_ 


GND 


3,3 v ”y~ 

ovTL 


GND 







(3) (b) X5901 
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Input and Output Breakdown 

CPLD 3.3 V I/O 5 V and 3.3 V Logic 

7.0 


V| H Max 5.5 V (TTL) 


Vqh Max 3.6 V 


V 0H Min 2.4 V , 


Vql Max 0.4 V 


H 3.0 H 


' — o — i 


V| H Max 3.6 V (LVTTL) 


V| H Min 2.0 V 
V| L Max 0.8 V 


Figure 7. XC9500 CPLD Driving 3.3 V and 5 V Components 


As with other high speed logic devices, XC9500 CPLDs 
should use low inductance capacitors located as close 
as possible to the Vcc and GND pins when mounted on 
a PC board. Care should be taken to mount the devices 
so that the PC interconnect traces are as close as possi¬ 
ble to the target signal destinations. 

Layout Checklist: 

Complying with the following checklist assures a suc¬ 
cessful design with XC9500 CPLDs: 

1. Tie unused inputs to ground. 

2. Locate XC9500 CPLDs near chips they drive or are 
driven from to minimize transmission line effects. 

3. Use wide spacing between fast signal lines (particu¬ 
larly clocks) to minimize crosstalk. 

4. Power pins (Vcc and GND) are recommended to be 
placed on separate printed circuit board planes. Fast 
signals should reside on another plane, as well. 

5. Decouple the chip Vcc with a 0.1 microfarad capaci¬ 
tor directly connecting each physical chip Vcc to the 
nearest ground plane. Low inductance, surface 
mounted capacitors are recommended. 

6. Decouple the printed circuit board power inputs with 
0.1 pF ceramic (high frequency) and 100 pF electro¬ 
lytic (low frequency) filter capacitors. 

7. All device ground pins must be connected together. 


8. Avoid using sockets to attach XC9500 CPLDs to the 
PCB. Direct soldered connection minimizes induc¬ 
tance and reduces ground rise. XC9500 CPLDs are 
specifically designed for direct PCB attachment with¬ 
out need for sockets. 

Managing Ground Rise 

Today’s high performance designers must also be aware 
of additional factors that can affect the performance of 
fast, high-current drive systems. As mentioned earlier, 
possible voltage rise on device ground pins can affect the 
driven output levels and be sensed by the switching 
CPLD. 

Figure 8 shows how ground rise is typically observed 
with today’s high-performance CPLDs. In this setup, 
multiple outputs are switched with a control variable, 
while one output is constantly being driven low and 
observed. As the multiple outputs switch, their in rush¬ 
ing current converges at the ground pin(s) of the CPLD. 
Lead impedance causes the reference ground to 
develop a voltage higher than before the switching 
occurred. The result is that the static output being 
observed also develops an observable voltage swing. 

All digital ICs have this property. No harm is caused to 
the system unless the voltage swing on the static output 
is capable of switching another circuit down the line. 
Problems can occur if the voltage swing is excessive. 
This effect is particularly significant if the static (quiet) 
signal is attached to another circuit’s clock input. 

Two factors contribute to this ground rise. First, the 
amount of capacitive load being driven is important 
because charge on this capacitance is the source of the 
in rushing current. Second, the number of simultaneous 
switching outputs is a factor since each switching output 
adds to the total capacitance being discharged. 

The XC9500 family includes User Programmable 
Ground for internal chip signal management. XC9500 
devices are in symmetric packages with multiple ground 
pins. However, some designs need more ground pins 
for current. 

User Programmable Ground allows the device I/O pins 
to be configured as additional ground pins. Tying pro¬ 
grammable ground pins to the external ground 
connection reduces system noise. XACT step software 
automatically connects unused macrocell outputs to 
ground. 
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Figure 8. Ground Rise Test 
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2. Minimize the number of outputs switching 
simultaneously. 

3. Two global clock inputs can be managed similar to 
the two GTS signals, by delaying one to gain signal 
skew. 

4. Additional grounding can lower ground rise effects, 
and may be dealt with simply. Unused outputs can be 
tied directly to the PCB ground. This splits the current 
driven into heavily loaded ground pins and lowers the 
voltage rise. 

5. Signal skewing can also reduce ground rise. This can 
be achieved by mixing ordinary and fast slew outputs. 
Only assign fast slew to signals that require it. 

Power On Master Reset 

XC9500 devices undergo a short internal initialization 
sequence upon device powerup. During this time the 
outputs remain 3-stated while the device is configured 
from its internal registers. While the internal initialization 
sequence occurs the device outputs remain 3-stated 
until the sequence is complete. Although the outputs are 
3-stated, they are gently pulled up through 10K ohm 
impedance pullups. Alternate Master Reset can be 
accomplished by using the ISPEX JTAG instruction. 

Conclusions 

By using the techniques discribed in this application 
note, designers achieve a solution to their high-perfor¬ 
mance logic requirements with the XC9500 family. The 
XC9500 family datasheet contains additional descrip¬ 
tions of the important system features. 


The following checklist will reduce unnecessary ground 
noise: 

1. Pinout only essential outputs. Intermediate shifter 
bits, and counter bits that need not drive outputs 
should remain buried. 


2-8 





HXILINX 


Pin Preassigning With 
XC9500 CPLDs 


February 1996 Application Note 

Summary 

This application note details the planning required for successful pin preassigning with XC9500 CPLDs. 

Xilinx Family Demonstrates 

XC9500 CPLDs A step by step procedure to assure best results for 

designing when the pinouts are preassigned. 

Guidelines to follow for best results. 


Introduction 

Reducing time to market is critical in today’s high perfor¬ 
mance digital marketplace. Designers need to prototype 
their products as swiftly as possible. Many designers 
estimate their CPLD design needs and predict the 
pinouts required in advance to remove the printed circuit 
board bottleneck from the prototype schedule. The 
XC9500 CPLD architecture permits preassigning pins 
with a high degree of success by following a few simple 
guidelines. The architecture also allows future edits to 
the design while maintaining the existing pinout. How¬ 
ever, some planning of the design at the outset is 
necessary. This application note details guidelines for 
sucessful pin preassignment. 

Many designs can be partitioned into datapath and con¬ 
trol logic portions. Datapath operations are regular, bit 
operation oriented and maintain relative positions 
among the bits. Datapath operations also maintain their 
functionality once they are designed. 

Control operations change as timing is adjusted through 
the design cycle and specifications are altered. These 
operations evolve as a design progresses. Control oper¬ 
ations are much less structured than data operations. 
The design strategy is different. 

Obtaining a reasonable estimate of the design’s logic 
requirements for both control and datapath operations is 
the key to preassigned pinouts. Once an estimate is 
obtained, pins are assigned with a high degree of confi¬ 
dence that the function block driving the pins will have 
the available resources to connect the logic needs of 
the corresponding macrocells. It is importatant to 
remember that since the design needs for datapath and 
control operations are different, estimating their initial 
requirements differ. Actual completion of the design with 
the software making the appropriate pin assignments 
assures sucess. 


XC9500 Routing Resources 

XC9500 CPLDs combine a locally efficient logic block 
with a globally flexible interconnect structure to provide 
ideal connectibility for a very large spectrum of designs. 
Here are a few of the key qualities of the logic block: 

a. 36 input signals presented to the logic block 

b. Automatic allocation of product terms as needed within 
the function block. The average is 5 product terms per 
macrocell, but up to 15 is easily obtained and more 
can be had when needed. 

c. Formation of efficient counters, multiplexers, shifters 
and parity circuits with an efficiency of one macrocell 
or less per bit. The remaining logic is available for use 
by functions needing more logic. 

Here are some properties of the interconnect structure: 

a. Any input pin connects to any function block with con¬ 
stant high speed across the entire device. 

b. Any macrocell output can connect to its own or any 
other function block with complete freedom. 

c. Macrocells can be internally bused with bit level inde¬ 
pendent 3-state control forming internal databuses 
with global access to all logic blocks. No other CPLD 
architecture offers this capability, which saves macro¬ 
cell logic by using the routing resources to form 
multiplexers. 

These features are essential for editing integrated cir¬ 
cuits already attached to boards. The flexibility of the 
XC9500 routing resources compensates for virtually all 
design changes. 

Datapath Guidelines 

Datapath operations include storage, shifting, multiplex¬ 
ing, arithmetic, comparison and boolean operations. In 
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the majority of cases, estimating the logic needs for a 
single bit is sufficient to quickly estimate the entire data¬ 
path. Table 1 gives the macrocell needs of various data 
operations. 


Table 1: Macrocell/Product Term Allocation 


Data Operation 

P-Term Used 

Shift Register 

2 

Counters 

2-4 

n:1 Mux 

n 

Adder 

6 

EX-OR 

2 

Storage registers 

1 


The primary guideline is to interleave output functions 
that need many product terms with functions that need 
few. 

The design software easily finds the product terms for 
functions with excessive requirements from neighboring 
macrocells requiring few. As shown in Table 1, there are 
few functions requiring more than 4 product terms per 
macrocell. This suggests that all functions will easily fit 
into incremental macrocell units. The adder, which 
requires more than one macrocell (i.e. one for the full 
adder sum bit and additional carry logic distributed 
among the adder bits) and the n:1 Mux which may need 
more product terms than a single macrocell can supply 
are exceptions. 

Control Path Guidelines 

Control logic is less straightforward than datapath logic 
since the control circuitry’s logic needs vary and the tim¬ 


ing is tight. Simple combinatorial control signals are 
easy to estimate, however state machines are not. How¬ 
ever, one-hot encoded state machines, which are flip- 
flop rich and input logic lean, may be used for estima¬ 
tion purposes. One-hot encoding works because: 

a. There is no required sophisticated state encoding 

b. The input signals can be managed in a straightfor¬ 
ward way 

c. Performance degradation can be quantified at the ini¬ 
tial estimation time. 

d. One-hot state machines are easily edited to add or 
delete states without upsetting the state encoding. 

e. Encoded state machines usually produce more com¬ 
pact logic with no speed degradation in a CPLD, but 
one hot solutions give a worst-case estimation. 

Editing one-hot machines without significantly altering 
the overall structure of the machine is easy. States may 
be inserted or deleted without major impact on the next 
state and output logic encoding. One-hot designs can 
also be implemented in either the Mealy or Moore ver¬ 
sions as required. Figure 1 shows the basic one hot 
encoding structure. The shaded region of the figure 
shows additional logic added to alter the four state 
machine (A,B,C,D) to a five-state machine (A,B,C,D,E) 
without complete reencoding of the machine. 

Recommendations 

The general guidelines to preassign pins are very simple: 

1. Do an estimated design first and let the design soft¬ 
ware assign the pins. 




Figure 1. One-Hot Encoded State Machine Editing 



2-10 







$1XILINX 


2. Alternately minimize risk by estimating the design 
needs yourself: 

a. partition data and control portions 

b. estimate the needs of each portion 

c. consider one hot control unit designs to permit 
future editing and stable pin assignments 

3. The following cell arrangement techniques should be 
adhered to: 

a. Spread the outputs among all function blocks 

b. Within Function Blocks, spread macrocells 
evenly, with unused macrocells interleaved. 

c. Assign outputs using common inputs to the same 
function blocks 

d. Don’t use global pins (clocks, resets, tri-state 
enables) for logic inputs or outputs unless the glo¬ 
bal pins are not needed. 


4. XC9500 CPLDs have common footprint packages 
for various density parts. By designing for the 
smallest capacity in a specific package footprint, 
there is always the option of a pin compatible 
density upgrade that matches the existing pinout. 
Table 2 below shows the available packages and 
device I/O pins in the XC9500 family. 

Conclusion 

Pin preassigning is successfully achieved with XC9500 
CPLDs by following simple guidelines. It is always rec¬ 
ommended to do an estimated design and let the design 
software assign pins before committing to a printed cir¬ 
cuit board. The benefits of preassignment include faster 
time to prototype and ultimately faster time to market. 
Xilinx XC9500 CPLDs provide the speed and flexibility 
to make this goal a reality. 


Table 2: XC9500 Available Packages and I/O Device Pins 



XC9536 

XC9572 

XC95108 

XC95144 

XC95180 

XC95216 

XC95288 

44-Pin PLCC 

34 







44-Pin VQFP 

34 







84-Pin PLCC 


69 

69 





100-Pin PQFP 


72 

81 

81 




100-Pin TQFP 


72 

81 





160-Pin PQFP 



108 

133 

133 

133 


208-Pin PQFP 





168 

168 

168 


Note: Does not include the dedicated JTAG pins. 
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XC9500 CPLD 
Embedded Diagnostics 


February 1996 Application Note 

Summary 

This application note describes how to build signature analysis circuitry into a remote system to isolate problems. 

Xilinx Family Demonstrates 

XC9500 CPLDs Using Linear Feedback Shift Registers to calculate 

signatures. 

Planning for designs that will be altered in the future. 

Overlaying diagnostic circuitry after a system has been 
installed in the field. 


Introduction 

Today’s high performance systems are at a level of com¬ 
plexity where it may be difficult to determine functionality 
in a remote environment. Data communication systems 
and remote data acquisition are examples of this model. 
Designers need embedded diagnostics to isolate and 
identify potential problems before assigning on-site field 
personnel. Using available chip resources for test cir¬ 
cuitry is an effective way to design embedded 
diagnostics. The function is accomplished by allocating 
extra circuitry or reprogramming existing circuitry in the 
system. XC9500 CPLDs may be used for either 
approach. However some planning in the original system 
design is necessary.This application note outlines the sig¬ 
nature analysis approach to design remote embedded 
diagnostics. 


Signature Analysis Fundamentals 

Various nodes (outputs or signal points) in a system will 
exhibit repeatable behavior patterns under identical input 
signal sequences. Incorrect behavior will generate differ¬ 
ent sequences. Comparing the sequences in the failing 
system to the previously recorded node sequences will 
identify the problem. 

This approach requires a large number of storage cells 
and circuitry to perform the comparisons. Signature analy¬ 
sis identifies a set of critical “test points” in a system. It 
also captures an encoded binary pattern using a polynomi 
encoding scheme similar to that of cyclic Linear Feedback 
Shift Registers (LFSRs). The circuitry consists of a moder¬ 
ate-sized shift register with Exclusive-Or functions 
embedded at key positions. These functions generate dis¬ 
tinctive patterns called signatures. Figure 1 shows a 
typical setup of a signature analyzer in symbolic form. 



Signature 

Bitstream 


X5862 


Figure 1. Basic Signature Analyzer Structure 
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XC9500 CPLD Signature Support 

High performance CPLDs are frequently used in memory 
and system controllers. Memory controllers are centrally 
located and multiprocessing systems may have several 
CPLDs on different cards.This makes CPLDs a natural 
place to embed diagnostic circuitry. Here is a natural 
strategy to follow: 

• Verify microprocessor operation at initialization by cap¬ 
turing signatures transitioning out of reset. 

• Verify more signatures as the processor steps through 
its bootstrap ROM. 

• Capture signatures as the processor tests the memory 
and subsequent I/O operations. 

Figure 2 shows how such a configuration might be built. 

XC9500 CPLDs easily implement any or all of the Figure 
2 system. However, it is possible to build the signature 
analyzer for free. During the previously mentioned strat¬ 
egy, the DRAM may not be involved in the system 
diagnostic while the processor is booting from ROM. In 
this case, the signature analyzer is constructed from the 
logic later used as the DRAM controller. While the DRAM 
is tested, unused data communication’s or I/O circuitry 
acts as the signature analyzer. Therefore different system 
pieces could be reused or adapted to suit the diagnostic 
needs. 


Test Strategy Overview 

The signature analyzer is a multiplexed shift register with 
Ex-Or gates. The shift register must be initialized. How¬ 
ever, some patterns are inappropriate. For example, all 
zero initialization causes a signature analyzer to fail. The 
ability to initialize the register to a known pattern is 
necessary. 

The test points, shown in Figure 1, are selected with a 
three bit serial register and a mux. The signatures must 
be unique. Each test point has an identical starting point. 

Before signature testing occurs, capture known good sig¬ 
natures and store them for future comparison. Use 
exactly the same procedure outlined below: 

• Aim the mux at a chosen test point 

• Initialize the Linear Feedback Shift Register (LFSR) 

• Enable the LFSR 

• Enable the device under test (DUT) 

• Count operation cycles of DUT until complete 

• Disable the LFSR and DUT 

• Read back signature 

• Compare this signature to the known good signature 


XC9500 CPLD 



Figure 2. Embedded Signature Analyzer 
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Managing the sequence of captured patterns is impor¬ 
tant. Once a board has passed all signature tests, the 
scope of the diagnostic can be increased. For example, 
analizing data communication circuits with selected loop- 
back tests. Additional tests may also be performed using 
the signature method. (See Figure 3 ). 

Practical Considerations 

Here are some guidelines to use when designing signa¬ 
ture analysis experiments: 

• Synchronous behavior is the most repeatable and the 
most desirable to use for signature analysis. 

• Selection of test points should be done so their global 
influence is a factor for selection. Any processor status/ 
control lines which enable data transfers, generate inter¬ 
rupts or make bus requests are candidates. 


• Most signatures are unique. However, there is a 
remote possibility of obtaining aliases. Check for 
aliases during the initial capture of healthy behavior. 

• Table 1 supplies a set of feedback equations for build¬ 
ing LFSRs which are the basic components for 
signature analyzers. Data entry can be Ex-Or’ed with 
the feedback input variable (n in this case). 

• Avoid initializing the signature register with all Os. 

• Supplement signature analysis with other diagnostics, 
such as memory tests and disk CRC diagnostics. 



X5864 


Figure 3. Adding in Data Communication Loopback 
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Table 1. LSFR Feedback Equations 


n 

Feedback Equation 

2 

X2 = XI © X0 

3 

X3 = XI © X0 

4 

X4 = XI © X0 

5 

X5 = X2 © X0 

6 

X6 = XI © X0 

7 

X7 = X3 © X0 

8 

X8 = X4 © X3 © X2 © X0 

12 

X12 = X6 © X4 © XI ©X0 

16 

XI6 = X5 © X4 © X3 © X0 

20 

X20 = X3 © X0 

24 

X24 = X7 © X2 © XI ©X0 

28 

X28 = X3 © X0 

32 

X30 = X22 © X2 © XI © X0 


Conclusion 

XC9500 CPLDs provide the technology to build effective 
but inexpensive embedded test circuitry in a wide range 
of microprocessor systems. However, this capability is 
not limited to microprocessor diagnostics, and may be 
easily expanded to include a wider range of digital 
systems. 
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XC95108 CPLD 

High Performance 

System Controller 

February 1996 

Application Note 

Summary 

The XC95108 is shown as a single chip high performance system controller. It handles all the address decode, state 
machines, and logic needs of a high performance microprocessor. 

Xilinx Family 

XC9500 CPLDs 

Demonstrates 

XC95108 device for high performance system 


applications. 


Introduction 

Today’s modern computer systems have many different 
components. In addition to high-speed processors and 
system buses, the high performance system requires 
sophisticated interface logic and state machines. The 
need for this circuitry to support advanced system com¬ 
ponents is a main functional block of complete high 
performance systems. The XC95108 is an ideal solution 
for high performance system controllers. This applica¬ 
tion note outlines the use of state machines, address 
decoders and data path routing in support of high-perfor¬ 
mance systems. 

A high performance system controller could implement 
any of the following features: 

• Power-on logic 

• System memory map decode 

• DRAM state machine 

• Flash memory state machine 

• SDRAM state achine 

• System peripheral interfaces 

• Data path routing 

The XC95108 can implement all of these functions. An 
outline of the functional requirements for each of the dif¬ 
ferent interfaces follows. A typical system controller block 
diagram is shown in Figure 1. 

Power-On Logic 

A high performance system requires the proper start-up 
sequence for each different system circuit. The logic and 
power-up sequence of different components are an impor¬ 
tant element of the complete system design. Different 
components require reset and configuration, based on a 


predetermined power-up sequence. A power-up sequence 
might include some of the following functions: 

• Reset signals 

• Tristate data paths 

• System clocks 

• Control signals 

• Self-test 

Most of these functions are built with relatively few macro¬ 
cells (2-10). The 5 volt in-system programmable capability 
of the XC95108 permits any future modification of the 
power-up sequence. 

System Memory Map Decode 

High performance systems require a memory map of all 
component accessible by the processor. System compo¬ 
nents are mapped into the address space based on their 
size and specific requirements. Most decode needs 
require wide fan-in, high speed (7 ns or less) and high 
current drive. The XC95108 delivers each of these 
requirements. 



X5866 


Figure 1. Typical High-Performance System Controller 
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The memory map function of the processor may require 
as many as ten macrocells. The memory map function 
also uses a large number of signal I/O pins. Memory 
decode may require as many as 40 signals pins. The ISP 
functionality of the XC95108 permits easy modification of 
the memory map. 

DRAM State Machine 

High performance systems include many different tech¬ 
nologies. DRAM is the main memory type for todayis 
high performance systems. However, there are many dif¬ 
ferent kinds of DRAM and each requires a different state 
machine. 

The memory state machine usually performs the wait 
state generation and the refresh requirements of the inter¬ 
face. The DRAM controller also handles CAS and RAS 
generation. 

The DRAM state machine may also require as many as 
ten macrocells. Another ten macrocells may be required 
for the remaining logic in the DRAM controller. A simple 
DRAM controller block diagram is shown in Figure 2. 

Flash Memory Controller 

An increasing number of high performance systems 
are being created with Flash memory devices. (See 
Figure 3). These non-volatile memory devices permit 
in-system modification. When configured as a Flash 
memory controller, the XC95108 responds to read, 
erase, and program commands and generates the cor¬ 
responding control strobes. The controller also handles 
the address segmentation and data multiplexing. 

SDRAM State Machine 

High performance systems require a new type of DRAM 
called Synchronous DRAM (SDRAM). The SDRAM inter¬ 
face has a complex state machine that may require future 
modifications as SDRAM technologies evolve. SDRAM 
devices from different vendors use different commands 
and protocols. 


ADR 

RD/WR 

STRB 
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Figure 2. DRAM State Machine 


The XC95108 permits modification of the SDRAM inter¬ 
face as a field upgrade. The interface requires about 15 
macrocells and 20 signals. The SDRAM interface con¬ 
trols the address map segmentation and strobes for the 
high performance system. 

System Peripheral Interfaces 

System peripheral devices handle many functions of in 
high-performance systems. A fast system bus acts as the 
interface to the rest of the system. Peripheral Component 
Interconnect (PCI) is a high-speed bus supported by 
many vendors. 

The XC95108 device is PCI compliant. The device could 
serve as either of a PCI bus target or a PCI bus initiator 
depending on the application requirements. The state 
machine for the bus functions requires between ten and 
twenty macrocells. The XC95108 may also form the data 
path and parity generation PCI functions. 

Data Path Routing 

Data path routing requirements of a high-performance 
system can be very significant. Many components of the 
system require different address and data signals. The 
assignment of the separate data and address bus signals 
to the components is a primary data path routing function. 

The XC95108 is offered in multiple package and I/O com¬ 
binations to deliver the necessary macrocells and signal 
pins. The JTAG ISP function allows in-system modifica¬ 
tion of data path routing. 

Conclusions 

The XC95108 can be used as a high-performance sys¬ 
tem controller. The requirements for these controllers are 
described in this application note. Details of specific 
counter, multiplexer, and data path building blocks are 
discussed in Designing with XC9500 CPLDs. 



Figure 3. Flash Memory State Machine 
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Application Note 

Summary 

The XC95108 is shown as a Serial Data Stream (SDS) application for datacom/telecom systems. Additionally, perfor¬ 
mance monitoring capabilities are outlined. 

Xilinx Family 

Demonstrates 

XC9500 CPLDs 

XC95108 device for datacom/telecom applications 

XC95108 performance monitoring and remote field 
upgrade. 


Introduction 

Today’s modern communications systems have many dif¬ 
ferent SDS physical interfaces and components. The 
XC95108 is ideal for multiplexing and control of these dif¬ 
ferent interfaces. This application note demonstrates the 
use of counters, shifters, and multiplexers in support of the 
SDS interface requirements. 

Communications System Block Diagram 

In all datacom/telecom systems, there are many different 
physical interface requirements and multiple system 
buses. The combination of the different interfaces and pro¬ 
tocols is a main function of the system. Implementing a 
given interface, requires a physical electrical interface and 
a data framer for the protocol and transport layer process¬ 
ing of the SDS. 

The connection of the physical interface circuit and framer 
to the rest of the system is done using a system data bus. 
The interface of different data streams into system data 
buses is an excellent application for the XC95108. A sim¬ 
ple block diagram of some typical SDS XC95108 
interfaces is shown in Figure 1. 


Physical Interfaces System SDS Buses 



JTAG ISP and Test 


XC95108 SDS Application Example 

A typical system requires a variety of different physical 
interfaces to be supported. Each physical interface circuit 
needs similar information related to the following: 

• Channel boundary information 

• Channel signaling Information 

• Efficient CRC generation and checking 

• Channel error conditions and status 

SDS interfaces have some common characteristics. Each 
different interface processes the physical circuit and a 
framer. The framer removes encoding and embedded 
clock information. The I/O signals of the framer are divided 
into three categories: 

• Channel data 

• Channel control 

• Signaling information 

These signals are common to the different physical inter¬ 
face signals. The XC95108 interprets them to control SDS. 

Different SDS Physical Interfaces 

Direct Digital Service (DDS) is a simple 56/64 Kilobit/s digi¬ 
tal interface for the simple digital terminal. This connection 
is typical for credit card verification, bank machines, and 
any other low bandwidth digital service requirement. 

T1/E1 are the two main broad band interface bandwidths 
of the current digital telecom WAN hierarchy. The T1 inter¬ 
face is a 1.554 Megabit/s digital interface comprised of 24 
x 64 Kilobit/s channels into a 125 uSecond frame. The El 
interface characteristics are 32 x 64 Kilobit/s channels into 
a 125 uSecond frame resulting in a bit rate of 2.56 Mega¬ 
bits/s. 


Figure 1. Typical SDS Interface 
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Integrated Services Digital Network (ISDN) basic rate ser¬ 
vice is equivalent to 2 DDS service channels, each of 64 
Kilobits/s, and a 16 Kilobits/s signaling channel. This ser¬ 
vice is frequently referred to as 2B+D or ISDN BRI. 


T1/E1 Data Rate Comparison 


-125 [JS 

n_ 


n 


Integrated Services Digital Network (ISDN) primary rate is 
the combination of 32 64 Kilobits/s channels similar to the 
El standard. This medium bandwidth wide area network 
interface allows integrated voice and data switching 
systems. 

Ethernet is by far the most popular digital LAN physical 
interface standard. Current Ethernet is a 10 Megabits/s 
implementation over either coaxal or twisted copper pair 
cables. The 100 Megabits/s version of Ethernet is also 
available but not yet widely used. 

Fiber Digital Data Interface (FDDI) is a 100 Megabits/s 
interface that has been increasing in popularity over the 
last few years. FDDI is best suited for LAN servers and 
high bandwidth data applications. 

A Token Ring system of either 4 or 16 Megabits/s offers 
some new LAN system advantages over traditional Ether¬ 
net only backbone networks. An increase in the Token 
Ring switched network, connected to a high bandwidth 
backbone, is becoming more popular and will increase in 
the next few years. 

Different Data Packet Standards 


T1 -1.554 Mbits/s -192 Data + 1 Signal for each 125 \is Frame 
El - 2.048 Mbits/s - 248 Data + 8 Signal for each 125 ps Frame 

T1/E1 Signalling Protocol Comparison 

T1-193E T1-193S El 

SF 6 Bit 8 SF 6 Bit 8 All Super Frames 

SF 12 Bit 8 SF 12 Bit 8 Time Slot 16 

SF 18 Bit 8 Bits 1-8 

SF 24 Bit 8 X5876 

Figure 2. Performance Monitoring 


XC95108 Performance Monitoring 

The XC95108, as an SDS interface, allows for perfor¬ 
mance monitoring of the data content. Typical 
performance monitoring includes loop back testing, clear 
channel signaling and bit-error rate testing. These circuits 
require state machines, counters and pattern recognizers. 
The reconfigurability of the XC95108 “in-system”, allows 
modification of the device to build these circuits. The 
required logic overhead is substantial. Device reconfigura¬ 
tion also eliminates the need for maintaining monitoring 
logic at all times. Figure 3 shows an additional perfor¬ 
mance monitoring port added to the SDS interface. 


Each physical interface has the option of switching 
between different transport layer standards. The actual 
content and context of the data packets sent over a physi¬ 
cal network link depends on the current standard being 
used. The need to support many different data packet for¬ 
mats will only increase with the expansion of new and 
diverse bearer services. 

The physical interface is a small part of the complete func¬ 
tioning system. The data from the physical interface must 
be routed and processed by the correct protocol standard. 
The need to support future physical interface circuits and 
new standards requires flexible SDS interfaces. 

T1/E1 System Upgrade Example 

Current standard datacom/telecom SDS systems are 
increasing in complexity and capacity. Interface and framer 
circuits for different SDS formats are single channel device 
solutions. Dual and quad density SDS interface circuits will 
increase the complexity of the interface requiring more 
logic capacity. 

The XC95108 is ideal for the previous system upgrade 
example. Consider the T1/E1 type interface circuit. The cur¬ 
rent single SDS interface of 1.554 and 2.048 MHz 
implements a set of logic functions for the system. The 
XC95108 requires a small amount logic capacity for 
counters, multiplexers, shifters, and state machines. When 
the interface is expanded to handle more streams, extra 
logic in the XC95108 is available. The appropriate data 
parameters are shown in Figure 2. 


In addition to performance monitoring, the XC95108 may 
be remotely configured as any of the circuits. The choice 
of monitoring circuits can be made adaptively to suit the 
needs of the system administrator. The XC95108 JTAG cir¬ 
cuitry permits in-system modification of the design by 
downloading changes as required. 

Conclusions 

The XC95108 meets all SDS interface requirements for 
datacom/telecom applications. With the XC95108 JTAG- 
based in-system programmable capability, users may eas¬ 
ily build adaptive protocol data frame handlers. The 
XC95108 also handles built-in performance monitoring, 
thus eliminating the need for redundant circuitry in the 
design. Many of the building blocks described in this appli¬ 
cation note are discussed in more detail in Designing with 
XC9500 CPLDs. 
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Figure 3. Performance Monitoring With XC95108 
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Preliminary Product Information 


Features 

• High-performance 

- 5 ns pin-to-pin logic delays on all pins 

- f CNT to 125 MHz 

• Large density range 

- 36to288macrocellswith800to6,400usablegates 

• 5 V in-system programmable 

- Endurance of 10,000 program/erase cycles 

- Program/erase over full voltage and temperature 
range 

• Enhanced pin-locking architecture 

• Flexible 36V18 Function Block 

- 90 product terms drive any or all of 18 macrocells 
within Function Block 

- Global and product term clocks, output enables, set 
and reset signals 

• Extensive IEEE Std 1149.1 boundary-scan (JTAG) 
support 

• Programmable power reduction mode in each 
macrocell 

• Slew rate control on individual outputs 

• User programmable ground pin capability 

• Extended pattern security features for design 
protection 

• High-drive 24 mA outputs with 3.3 V or 5 V I/O 
capability 

• PCI compliant (-5, -7, -10 speed grades) 

• Advanced 0.6|um CMOS 5V FastFLASH technology 


Description 

The XC9500 CPLD family provides advanced in-system 
programming and test capabilities for high performance, 
general purpose logic integration. All devices are in-sys¬ 
tem programmable for a minimum of 10,000 program/ 
erase cycles. Extensive IEEE 1149.1 (JTAG) boundary- 
scan support is also included on all family members. 

As shown in Table 1, the seven devices of the XC9500 
family range in logic density from 800 to over 6,400 
usable gates with 36 to 288 registers respectively. Multi¬ 
ple package options and associated I/O capacity are 
shown in Table 2. The XC9500 family is fully pin-com¬ 
patible allowing easy design migration across multiple 
density options in a given package footprint. 

The XC9500 architectural features address the require¬ 
ments of in-system programmability. Enhanced pin¬ 
locking capability avoids costly board rework. An 
expanded JTAG instruction set allows version control of 
programming patterns and in-system debugging. In-sys¬ 
tem programming throughout the full device operating 
range and a minimum of 10,000 program/erase cycles 
provide worry-free reconfigurations and system field 
upgrades. 

Advanced system features include output slew rate con¬ 
trol and user-programmable ground pins to help reduce 
system noise. I/Os may be configured for 3.3 V or 5 V 
operation. All outputs provide 24 mA drive. 

Architecture Description 

Each XC9500 device is a subsystem consisting of multi¬ 
ple Function Blocks (FBs) and I/O Blocks (lOBs) fully 
interconnected by the FastCONNECT switch matrix. 
The IOB provides buffering for device inputs and out¬ 
puts. Each FB provides programmable logic capability 
with 36 inputs and 18 outputs. The FastCONNECT 
switch matrix connects all FB outputs and input signals 
to the FB inputs. For each FB, 12 to 18 outputs (depend¬ 
ing on package pin-count) and associated output enable 
signals drive directly to the lOBs. See Figure 1. 
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JTAG Port 


I/O 

I/O 

I/O 

I/O 


I/O 

I/O 

I/O 

I/O 

l/O/GCK 

l/O/GSR 

l/O/GTS 



Figure 1. XC9500 Architecture 

Note: Function Block outputs indicated by bold line drive directly to I/O Blocks 


Table 1. XC9500 Device Family 



XC9536 

XC9572 

XC95108 

XC95144 

XC95180 

XC95216 

XC95288 

Macrocells 

36 

72 

108 

144 

180 

216 

288 

Usable Gates 

800 

1,600 

2,400 

3,200 

4,000 

4,800 

6,400 

Registers 

36 

72 

108 

144 

180 

216 

288 

tpD ( ns ) 

5 

7.5 

7.5 

7.5 

10 

10 

10 

tsu ( ns ) 

4.5 

5.5 

5.5 

5.5 

6.5 

6.5 

6.5 

tco ( ns > 

4.5 

5.5 

5.5 

5.5 

6.5 

6.5 

6.5 

f CNT (MHz) 

125 

125 

125 

125 

111 

m 

111 

^SYSTEM (MHz) 

100 

83 

83 

83 

67 

67 

67 


Note: f CNT = Operating frequency for 16-bit counters 


^system = Infernal operating frequency for general purpose system designs spanning multiple FBs. 


Table 2. Available Packages and Device I/O Pins 



XC9536 

XC9572 

XC95108 

XC95144 

XC95180 

XC95216 

XC95288 

44-Pin PLCC 

34 







44-Pin VQFP 

34 







84-Pin PLCC 


69 

69 





100-Pin PQFP 


72 

81 

81 




100-Pin TQFP 


72 

81 





160-Pin PQFP 



108 

133 

133 

133 


208-Pin HQFP 





168 

168 

168 


Note: Does not include the dedicated JTAG pins. 
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Function Block 

Each Function Block as shown in Figure 2, is comprised 
of 18 independent macrocells, each capable of imple¬ 
menting a combinatorial or registered function. The FB 
also receives global clock, output enable, and set/reset 
signals. The FB generates 18 outputs that drive the 
FastCONNECT switch matrix. These 18 outputs and 
their corresponding output enable signals also drive the 
IOB. 


Logic within the FB is implemented using a sum-of-prod- 
ucts representation. Thirty-six inputs provide 72 true 
and complement signals into the programmable AND- 
array to form 90 product terms. Any number of these 
product terms, up to the 90 available, can be allocated 
to each macrocell by the product term allocator. 

Each FB supports local feedback paths that allow any 
number of FB outputs to drive into its own programma¬ 
ble AND-array without going outside the FB. 



Set/Reset Clocks 

Figure 2. XC9500 Function Block 


To FastCONNECT 
Switch Matrix 


X5878 
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Macrocell 

Each XC9500 macrocell may be individually configured 
for a combinatorial or registered function. The macrocell 
and associated FB logic is shown in Figure 3. 

Five direct product terms from the AND-array are avail¬ 
able for use as primary data inputs (to the OR and XOR 
gates) to implement combinatorial functions, or as con¬ 
trol inputs including clock, set/reset, and output enable. 
The product term allocator associated with each macro¬ 
cell selects how the five direct terms are used. 


The macrocell register can be configured as a D-type or 
T-type flip-flop, or it may be bypassed for combinatorial 
operation. Each register supports both asynchronous 
set and reset operations. During power-up, all user reg¬ 
isters are initialized to the user-defined preload state 
(default to 0). 



To 

FastCONNECT 
Switch Matrix 


To 

I/O Blocks 


X5879 


Figure 3. XC9500 Macrocell Within Function Block 
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All global control signals are available to each individual 
macrocell, including clock, set/reset, and output enable 
signals. As shown in Figure 4, the macrocell register 
clock originates from either of three global clocks or a 


product term clock. Both true and complement polarities 
of a GCK pin can be used within the device. A GSR 
input is also provided to allow user registers to be set to 
a user-defined state. 



Figure 4. Macrocell Clock and Set/Reset Capability 
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Product Term Allocator 

The product term allocator controls how the five direct 
product terms are assigned to each macrocell. For 
example, all five direct terms can drive the OR function 
as shown in Figure 5. 

The product term allocator can re-assign other product 
terms within the FB to increase the logic capacity of a 
macrocell beyond five direct terms. Any macrocell requir¬ 
ing additional product terms can access uncommitted 
product terms in other macrocells within the FB. Up to 
15 product terms can be available to a single macrocell 
with only a small incremental delay of t PTA , as shown in 
Figure 6. 


Product Term 
Allocator 



Macrocell 
Product Term 
Logic 


X5894 


Figure 5. Macrocell Logic Using Direct Product Terms 


Product Term 
Allocator 



Macrocell Logic 
With 15 P-Terms 


X5895 


Figure 6. Product Term Allocation With 15 Product Terms 
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The product term allocator can re-assign product terms 
from any macrocell within the FB by combining partial 
sums of products over several macrocells, as shown in 


Figure 7. In this example, the incremental delay is only 
2*t PTA . All 90 product terms are available to any macro¬ 
cell, with a maximum incremental delay of 8*t PTA . 


Product Term 
Allocator 



Macrocell Logic 
With 2 

Product Terms 


Macrocell Logic 
With 18 
Product Terms 


X5896 


Figure 7. Product Term Allocation Over Several Macrocells 
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The internal logic of the product term allocator is shown 
in Figure 8. 


From Upper To Upper 

Macrocell Macrocell 



Figure 8. Product Term Allocator Logic 


3-8 






KXILINX 


FastCONNECT Switch Matrix 

The FastCONNECT switch matrix connects signals to the The FastCONNECT switch matrix is capable of combin- 

FB inputs, as shown in Figure 9. All IOB outputs (corre- ing multiple internal connections into a single wired-AND 

sponding to user pin inputs) and all FB outputs drive the output before driving the destination FB. This provides 

FastCONNECT matrix. Any of these (up to a FB fan-in additional logic capability and increases the effective 

limit of 36) may be programmably selected to drive each logic fan-in of the destination FB without any additional 

FB with a uniform delay. timing delay. This capability is available for internal con¬ 

nections originating from FB outputs only. It is automati¬ 
cally invoked by the development software where 
applicable. 



Figure 9. FastCONNECT Switch Matrix 
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I/O Block 

The I/O Block (IOB) interfaces between the internal logic 
and the device user I/O pins. Each IOB includes an input 
buffer, output driver, output enable selection multiplexer, 
and user programmable ground control. See Figure 10 
for details. 

The input buffer is compatible with standard 5 V CMOS, 5 V 
TTL and 3.3 V signal levels. The input buffer uses the inter¬ 
nal 5 V voltage supply (V CC | NT ) to ensure that the input 


thresholds are constant and do not vary with the V CC | 0 
voltage. 

The output enable may be generated from one of four 
options: a product term signal from the macrocell, any of 
the global OE signals, always “1”, or always “0”. There are 
two global output enables for devices with up to 144 macro¬ 
cells, and four global output enables for devices with 180 or 
more macrocells. Both polarities of any of the global 3-state 
control (GTS) pins may be used within the device. 


To other 
Macrocells 



Figure 10. I/O Block and Output Enable Capability 
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Each output has independent slew rate control. Output 
edge rates may be programmably slowed down to 
reduce system noise (with an additional time delay of 
t S LEw)- See Figure 11. 

Each IOB provides user programmable ground pin capabil¬ 
ity. This allows device I/O pins to be configured as 
additional ground pins. By tying strategically located pro¬ 
grammable ground pins to the external ground connection, 
system noise generated from large numbers of simulta¬ 
neous switching outputs may be reduced. 

A control pull-up resistor (typically 10K ohms) is attached 
to each device I/O pin to prevent device pins from floating 
when the device is not in normal user operation. This resis¬ 
tor is active during device programming mode and system 
power-up. It is also activated for an erased device. The 
resistor is deactivated during normal operation. 

The output driver is capable of supplying 24 mA output 
drive. All output drivers in the device may be configured 
for either 5 V TTL levels or 3.3 V levels by connecting the 
device output voltage supply (V CC | 0 ) to a 5 V or 3.3 V 


voltage supply. Figure 12 shows how the XC9500 device 
can be used in 5 V only and mixed 3.3 V/5 V systems. 

Pin-Locking Capability 

The capability to lock the user defined pin assignments 
during design changes depends on the ability of the archi¬ 
tecture to adapt to unexpected changes. The XC9500 
devices have architectural features that enhance the abil¬ 
ity to accept design changes while maintaining the same 
pinout. 

The XC9500 provides 100% routing within the FastCON- 
NECT switch matrix, and incorporates a flexible Function 
Block that allows block-wide allocation of available p- 
terms. This provides a high level of confidence of main¬ 
taining both input and output pin assignments for 
unexpected design changes. 

For extensive design changes requiring higher logic 
capacity than is available in the initially chosen device, 
the new design may be able to fit into a larger pin-com¬ 
patible device using the same pin assignments. 


Output 

Voltage 



Output 

Voltage 



Figure 11. Output Slew-Rate Control For (a) Rising and (b) Falling Outputs 
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5 V TTL 

5 V TTL or 
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(3) (b) X5901 

Figure 12. XC9500 Devices in (a) 5 V Systems and (b) Mixed 3.3 V/5 V Systems 
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In-System Programming 

XC9500 devices are programmed in-system via a stan¬ 
dard 4-pin JTAG protocol, as shown in Figure 13. In- 
system programming offers quick and efficient design 
iterations and eliminates package handling. The Xilinx 
development system provides the programming data 
sequence using a download cable, a third-party JTAG 
development system, JTAG-compatible board tester, or 
a simple microprocessor interface that emulates the 
JTAG instruction sequence. 

The system designer must ensure that the system is well- 
behaved before the XC9500 device is programmed with 
a user pattern. During XC9500 programming, all I/Os are 
tri-stated and pulled-up. 

XC9500 devices can also be programmed by third-party 
device programmers. 

Endurance 

All XC9500 CPLDs provide a minimum endurance level 
of 10,000 in-system program/erase cycles. Each device 
meets all functional, performance, and data retention 
specifications within this endurance limit. 

IEEE 1149.1 Boundary-Scan (JTAG) 

XC9500 devices fully support IEEE 1149.1 boundary- 
scan (JTAG). Extest, Sample/Preload, Bypass, User- 
code, Intest, Idcode, and Highz instructions are 
supported in each device. All in-system programming, 
erase, and verify instructions are implemented as fully 
compliant extensions of the 1149.1 instruction set. 


Refer to the application note on the XC9500 JTAG 
instruction set for additional information. 

Design Security 

XC9500 devices incorporate advanced data security fea¬ 
tures which fully protect the programming data against 
unauthorized reading or inadvertent device erasure/ 
reprogramming. Table 3 shows the four different secu¬ 
rity settings available. 

The read security bits can be set by the user to prevent 
the internal programming pattern from being read or cop¬ 
ied. Erasing the entire device is the only way to reset the 
read security bit. 

The write security bits provide added protection against acci¬ 
dental device erasure or reprogramming by the user. Once 
set, the write-protection may be deactivated when the device 
needs to be reprogrammed with a valid pattern. 


Table 3. Data Security Options 


Read Security 

Default Set 


Read Allowed 

Read Inhibited 

Program/Erase Allowed 

Program/Erase Allowed 

Read Allowed 

Read Inhibited 

Program/Erase Inhibited 

Program/Erase Inhibited 


X5905 



Figure 13. In-System Programming Operation (a) Solder Device to PCB and (b) Program Using Download Cable 
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Low Power Mode 

All XC9500 devices offer a low-power mode for individual 
macrocells or across all macrocells. This feature allows the 
device power to be significantly reduced. 

Each individual macrocell may be programmed in low-power 
mode by the user. Performance-critical parts of the applica¬ 
tion can remain in standard power mode, while other parts of 
the application may be programmed for low-power operation 
to reduce the overall power dissipation. Macrocells pro¬ 
grammed for low-power mode incur additional delay (t LP ) in 
pin-to-pin combinatorial delay as well as register setup time. 
Product term clock to output and product term output enable 
delays are unaffected by the macrocell power-setting. 

Timing Model 

The uniformity of the XC9500 architecture allows a simplified 
timing model for the entire device. The basic timing model is 


shown in Figure 14. Detailed timing information on a design, 
including secondary parameters, can be easily obtained from 
the timing report in the XACTstep development system. 

The basic timing model is valid for macrocell functions that 
use the direct product terms only, with standard power set¬ 
ting, and standard slew rate setting. Table 4 shows how each 
of the key timing parameters is affected by the product term 
allocator (if needed), low-power setting, and slew-limited 
setting. 

The product term allocation time depends on the logic span of 
the macrocell function, which is defined as one less than the 
maximum number of allocators in the product term path. If 
only direct product terms are used, then the logic span is 0. 
The Figure 6 example shows that up to 15 product terms are 
available with a span of 1. In the case of Figure 7, the 18 prod¬ 
uct term function has a span of 2. 






Figure 14. Basic Timing Model 


Setup Time = t su + t FBK Clock to Out Time = t co 
With Feedback / n \ 


X5903 
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XC9500 In-System Programmable CPLD Family 


Power-Up Characteristics 

The XC9500 devices are well behaved under all operating 
conditions. During power-up each XC9500 device employs 
internal circuitry which keeps the device in the quiescent 
state until V CC)NT supply voltage is at a safe level (approxi¬ 
mately 3.8 V). During this time, all device pins and JTAG 
pins are disabled, and all device outputs are disabled with 
the IOB pull-up resistors (~ 10K ohms) enabled. See Table 
5. When the supply voltage reaches a safe level, all user 
registers become initialized (within 100 ps typical), and the 
device is immediately available for operation, as shown in 
Figure 15. 

If the device is in the erased state (before any user pattern is 
programmed), the device outputs remain disabled with the 
IOB pull-up resistors enabled. The JTAG pins are enabled 
to allow the device to be programmed at any time. 

If the device is programmed, the device inputs and outputs 
take on their configured states for normal operation. The 
JTAG pins are enabled to allow device erasure or boundary- 
scan tests at any time. 

In mixed 3.3 V/5 V systems, it is recommended that V CC | NT 
> V CC |o at all times during the power-up sequence. 

XACTsfep™ Development System 

The XC9500 CPLD family is fully supported by the Xilinx 
XACTsfep development system. The designer can create the 


design using ABEL, schematics, equations, VHDL or other 
HDL languages in a variety of software front-end tools. The 
XACTsfep development system can be used to implement 
the design and generate a JEDEC bitmap which can be used 
to program the XC9500 device. The XACTsfep development 
system includes JTAG download software that can be used 
to program the devices via a download cable. 

FastFLASH Technology 

An advanced 0.6 pm CMOS Flash process is used to fabri¬ 
cate all XC9500 devices. Specifically developed for Xilinx in- 
system programmable CPLDs, the process provides high 
performance logic capability and endurance of 10,000 pro¬ 
gram/erase cycles. 


V CCINT 



Initialization of User Registers X5904 


Figure 15. Device Behavior During Power-up 


Table 4. Timing Model Parameters 


Description 

Parameter 

Product Term 
Allocator 1 

Macrocell 
Low-Power Setting 

Output Slew-Limited 
Setting 

Propagation Delay 

Vd 

+ t PTA * S 

+ l LP 

+ tsLEW 

Global Clock Setup Time 

l SU 

+ t PTA * S 

+ t LP 

- 

Global Clock-to-output 

tco 



+ tsLEW 

Product Term Clock Setup Time 

fpsu 

+ tp TA *s 

+ ^P 

- 

Product Term Clock-to-output 

fpco 

- 

- 

+ tsLEW 

Internal System Cycle Period 

System 

+ tpTA * S 

+ t LP 

- 

Feedback Time 

Vbk 

+ tpTA * S 

+ ^P 

- 


Note (1) S = the logic span of the function, as defined in the text. 

Table 5. XC9500 Device Characteristics 


Device 

Feature 

Quiescent 

State 

Erased Device 
Operation 

Valid User 
Operation 

IOB Pull-up Resistors 

Enabled 

Enabled 

Disabled 

Device Outputs 

Disabled 

Disabled 

As Configured 

Device Inputs and Clocks 

Disabled 

Disabled 

As Configured 

Function Block 

Disabled 

Disabled 

As Configured 

JTAG Controller 

Disabled 

Enabled 

Enabled 
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KXIUNX 

XC9536 In-System 
Programmable CPLD 

February 1996 

Preliminary Product Information 


Features 

• 5 ns pin-to-pin logic delays on all pins 

• fcNT t0 125 MHz 

• 36 macrocells with 800 usable gates 

• Up to 34 user I/O pins 

• 5 V in-system programmable 

- Endurance of 10,000 program/erase cycles 

- Program/erase over full voltage and temperature 
range 

• Enhanced pin-locking architecture 

• Flexible 36V18 Function Block 

- 90 product terms drive any or all of 18 macrocells 
within Function Block 

- Global and product term clocks, output enables, set 
and reset signals 

• Extensive IEEE Std 1149.1 boundary-scan (JTAG) 
support 

• Programmable power reduction mode in each 
macrocell 

• Slew rate control on individual outputs 

• User programmable ground pin capability 

• Extended pattern security features for design 
protection 

• High-drive 24 mA outputs with 3.3 V or 5 V I/O 
capability 

• PCI compliant (-5, -7, -10 speed grades) 

• Advanced 0.6 pm CMOS 5V FastFLASH technology 

• Available in 44-pin PLCC and 44-pin VQFP packages 


Description 

The XC9536 is a high-performance CPLD providing 
advanced in-system programming and test capabilities 
for general purpose logic integration. It is comprised of 
two 36V18 Function Blocks, providing 800 usable gates 
with propagation delays of 5 ns. See Figure 1 for the 
architecture overview. 

Power Management 

Power dissipation can be reduced in the XC9536 by con¬ 
figuring macrocells to standard or low-power modes of 
operation. Unused macrocells are turned off to minimize 
power dissipation. 

Operating current for each design can be approximated 
for specific operating conditions using the following 
equation: 

l cc (rnA) = 

MC hp (1.7) + MC lp (0.9) + MC (0.006 mA/MHz) f 
Where: 

MC hp = Macrocells in high-performance mode 
MC lp = Macrocells in low-power mode 
MC = Total number of macrocells used 
f = Clock frequency (MHz) 

Figure 2 shows a typical calculation for the XC9536 
device. 
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XC9536 In-System Programmable CPLD 



In-System Programming Controller 


Figure 1. XC9536 Architecture 

Note: Function Block outputs indicated by bold line drive directly to I/O Blocks 



Clock Frequency (MHz) 


Figure 2. Typical Inn vs Frequency For XC9536 
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Kxilinx 


Absolute Maximum Ratings 


Symbol 

Parameter 

Value 

Units 

< 

o 

o 

Supply voltage relative to GND 

-0.5 to 7.0 

V 

V,N 

DC input voltage relative to GND 

-0.5 to Vqq + 0.5 

V 

V TS 

Voltage applied to 3-state output with respect to GND 

-0.5 to V cc + 0.5 

V 

t stg 

Storage temperature 

-65 to+150 

°c 

t sol 

Max soldering temperature (10 ns @ 1/16 in = 1.5 mm) 

+260 

°c 


Warning: Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are 
stress ratings only, and functional operation of the device at these or any other conditions beyond those listed under Recommended 
Operating Conditions is not implied. Exposure to Absolute Maximum Rating conditions for extended periods of time may affect 
device reliability. 


Recommended Operating Conditions 1 


Symbol 

Parameter 

Min 

Max 

Units 

V CCINT 

Supply voltage for internal logic and input buffer 

4.75 

(4.5) 

5.25 

(5.5) 

V 

V CCIO 

Supply voltage for output drivers for 5 V operation 

4.75 (4.5) 

5.25 (5.5) 

V 

Supply voltage for output drivers for 3.3 V operation 

3.0 

3.6 

V 

V,L 

Low-level input voltage 

0 

0.80 

V 

V|H 

High-level input voltage 

2.0 

V CCINT + 0 - 5 

V 

V 0 

Output voltage 

0 

V CCINT + 05 

V 

Tin 

Input signal transition time 


50 

ns 


Note 1. Numbers in parenthesis are for industrial-temperature range versions. 


DC Characteristics Over Recommended Operating Conditions 


Symbol 

Parameter 

Test Conditions 

Min 

Max 

Units 

V OH 

Output high voltage for 5 V operation 

Iqh = "4.0 mA 

Vqq = Min 

2.4 


V 

Output high voltage for 3.3 V operation 

l OH = -3.2 mA 

Vqq = Min 

2.4 


V 

_i 

o 

> 

Output low voltage for 5 V operation 

l 0L = 24 mA 

Vqq = Min 


0.5 

V 

Output low voltage for 3.3 V operation 

l 0L = 10 mA 

Vqq = Min 


0.4 

V 

l|L 

Input leakage current 

Vqq = Max 

V IN = GND or V cc 


±10.0 

pA 

'|H 

I/O high-Z leakage current 

Vqq = Max 

V|fsj = GND or Vqq 


±10.0 

pA 

C IN 

I/O capacitance 

v )N = gnd 

f = 1.0 MHz 


10.0 

PF 

■cc 

Operating Supply Current 
(low power mode, active) 

V| = GND, No load 
f = 1.0 MHz 

30 mA Typ 
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XC9536 In-System Programmable CPLD 


AC Characteristics 


Symbol 

Parameter 

XC9536-5 

XC9536-7 

XC9536-10 

XC9536-15 

Units 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

tpD 

I/O to output valid 


5.0 


7.5 


10 


15 

ns 

tsu 

I/O setup time before GCK 

4.5 


5.5 


6.5 


8.0 


ns 

t H 

I/O hold time after GCK 

0 


0 


0 


0 


ns 

*00 

GCK to output valid 


4.5 


5.5 


6.5 


6.0 

ns 

f CNT 

16-bit counter frequency 

125 


125 


111.0 


95.0 


MHz 

^SYSTEM 2 

Multiple FB Internal Operating Frequency 

100 


83.0 


67.0 


55.0 


MHz 

tpsu 

I/O setup time before p-term clock input 

0.5 


0.5 


1.0 


2.0 


ns 

*PH 

I/O hold time after p-term clock input 

4.0 


5.0 


5.5 


6.0 


ns 

*pco 

P-term clock to output valid 


7.5 


10.5 


12.0 


14.0 

ns 

*OE 

GTS to output valid 


6,0 


7.0 


10.0 


15.0 

ns 

t0D 

GTS to output disable 


6.0 


7.0 


10.0 


15.0 

ns 

tpOE 

Product term OE to output valid 


10.5 


13.0 


15.5 


18.0 

ns 

*POD 

Product term OE to output disable 


10.5 


13.0 


15.5 


18.0 

ns 

*PTA 

Product term allocator delay 


1.5 


1.5 


2.0 


2.0 

ns 

*fbk 

Internal combinatorial feedback delay 


NA 


8.5 


12.0 


17.0 

ns 

f WLH 

GCK pulse width 

4.0 


4.0 


4.5 


5.0 


ns 

*SLEW 

Slew rate time delay 


3.5 


4.0 


4.5 


5.5 

ns 

*LP 

Low power time delay adder 


8.0 


8.0 


8.5 


8.5 

ns 


Note 2. ^system = internal operating frequency for general purpose system designs spanning multiple FBs. 
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Output Type 

V CCIO 

V TEST 

R 1 

r 2 

c L 


5.0 V 

5.0 V 

160 LI 

120 Q 

35 pF 

3.3 V 

3.3 V 

260 £2 

360 Q 

35 pF 


X5906 


Figure 3. AC Load Circuit 
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KXILINX 


XC9536 I/O Pins 


Function 

Block 

Macrocell 

PC44 

VQ44 

BScan 

Order 

Notes 

2 

1 

1 

39 

51 


2 

2 

44 

38 

48 


2 

3 

42 

36 

45 

[1] 

2 

4 

43 

37 

42 


2 

5 

40 

34 

39 

[1] 

2 

6 

39 

33 

36 

[1] 

2 

7 

38 

32 

33 


2 

8 

37 

31 

30 


2 

9 

36 

30 

27 


2 

10 

35 

29 

24 


2 

11 

34 

28 

21 


u|2 : ?ij 

12 

33 

27 

18 


2 

13 

29 

23 

15 


2 

14 

28 

22 

12 


2 

15 

27 

21 

9 


2 

16 

26 

20 

6 


2 

17 

25 

19 

3 


2 

18 

- 

- 

0 



Function 

Block 

Macrocell 

PC44 

VQ44 

BScan 

Order 

Notes 

1 

1 

2 

40 

105 


1 

2 

3 

41 

102 


1 

3 

5 

43 

99 

[1] 

1 

4 

4 

42 

96 


1 

5 

6 

44 

93 

[1] 

1 

6 

8 

2 

90 


1 

7 

7 

1 

87 

[1] 

1 

8 

9 

3 

84 


1 

9 

11 

5 

81 


1 

10 

12 

6 

78 


1 

11 

13 

7 

75 


1 

12 

14 

8 

72 


1 

13 

18 

12 

69 


1 

14 

19 

13 

66 


1 

15 

20 

14 

63 


1 

16 

22 

16 

60 


1 

17 

24 

18 

57 


1 

18 

- 

- 

54 



Note: [1] Global control pin 


XC9536 Global, JTAG and Power Pins 


Pin Type 

PC44 

VQ44 

l/O/GCKI 

5 

43 

I/0/GCK2 

6 

44 

I/0/GCK3 

7 

1 

l/O/GTSI 

42 

36 

I/0/GTS2 

40 

34 

l/O/GSR 

39 

33 

TCK 

17 

11 

TDI 

15 

9 

TDO 

30 

24 

TMS 

16 

10 

V CCINT 5 v 

21,41 

15,35 

Vccio 3.3 V/5 V 

32 

26 

GND 

23.10.31 

17.4.25 






XC9536 In-System Programmable CPLD 


Ordering Information 


XC9536 - 5 VQ 44 C 


Device Type —I 


Speed — 

Speed Options 

-15 15 ns pin-to-pin delay 

-10 10 ns pin-to-pin delay 

-7 7.5 ns pin-to-pin delay 

-5 5 ns pin-to-pin delay 

Packaging Options 

PC44 44-Pin Plastic Leaded Chip Carrier (PLCC) 
VQ44 44-Pin Very Thin Quad Flat Pack (VQFP) 


-Temperature Range 


- Number of Pins 


Package Type 


Temperature Options 

C Commercial 0°C to 70°C 
I Industrial -40°C to 85°C 


Component Availability 


Pins 

Type 

44 

84 

100 

160 

208 

Plastic 

PLCC 

Plastic 

VQFP 

Plastic 

PLCC 

Plastic 

PQFP 

Plastic 

TQFP 

Plastic 

PQFP 

Power 

QFP 

Code 

PC44 

VQ44 

PC84 

PQ100 

TQ100 

PQ160 

HQ208 

-15 

XC9536 

-5 

C(l) 

C(l) 






C(I) 

C(l) 






c 

c 






c 

c 







X5907 
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Kxilinx 

XC9572 In-System 
Programmable CPLD 

February 1996 

Advance Product Information 


Features 

• 7.5 ns pin-to-pin logic delays on all pins 

• fern- t0 125 MHz 

• 72 macrocells with 1,600 usable gates 

• Up to 72 user I/O pins 

• 5 V in-system programmable 

- Endurance of 10,000 program/erase cycles 

- Program/erase overfull voltage and temperature 
range 

• Enhanced pin-locking architecture 

• Flexible 36V18 Function Block 

- 90 product terms drive any or all of 18 macrocells 
within Function Block 

- Global and product term clocks, output enables, set 
and reset signals 

• Extensive IEEE Std 1149.1 boundary-scan (JTAG) 
support 

• Programmable power reduction mode in each 
macrocell 

• Slew rate control on individual outputs 

• User programmable ground pin capability 

• Extended pattern security features for design 
protection 

• High-drive 24 mA outputs with 3.3 V or 5 V I/O 
capability 

• PCI compliant (-7, -10 speed grades) 

• Advanced 0.6 pm CMOS 5V FastFLASH technology 

• Available in 84-pin PLCC, 100-pin PQFP and 100-pin 
TQFP packages 


Description 

The XC9572 is a high-performance CPLD providing 
advanced in-system programming and test capabilities 
for general purpose logic integration. It is comprised of 
four 36V18 Function Blocks, providing 1,600 usable 
gates with propagation delays of 7.5 ns. See Figure 1 
for the architecture overview. 

Power Management 

Power dissipation can be reduced in the XC9572 by con¬ 
figuring macrocells to standard or low-power modes of 
operation. Unused macrocells are turned off to minimize 
power dissipation. 

Operating current for each design can be approximated 
for specific operating conditions using the following 
equation: 

l C c (mA) = 

MC H r (1.7) + MC lp (0.9) + MC (0.006 mA/MHz) f 
Where: 

MC H p = Macrocells in high-performance mode 
MC LP = Macrocells in low-power mode 
MC = Total number of macrocells used 
f = Clock frequency (MFIz) 
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Kxilinx 


XC9572 I/O Pins 


Function 

Block 

Macrocell 

PQ100 

PC84 

BScan 

Order 

Notes 

1 

1 

18 

4 

213 


1 

2 

15 

1 

210 


1 

3 

20 

6 

207 


1 

4 

22 

7 

204 


1 

5 

16 

2 

201 


1 

6 

17 

3 

198 


1 

7 

27 

11 

195 


1 

8 

19 

5 

192 


1 

9 

24 

9 

189 

[1] 

1 

10 

30 

13 

186 


1 

11 

25 

10 

183 

[1] 

1 

12 

35 

18 

180 


1 

13 

38 

20 

177 


1 

14 

29 

12 

174 

[1] 

1 

15 

31 

14 

171 


1 

16 

41 

23 

168 


1 

17 

32 

15 

165 


1 

18 

42 

24 

162 


2 

1 

89 

63 

159 


2 

2 

96 

69 

156 


2 

3 

93 

67 

153 


2 

4 

95 

68 

150 


2 

5 

97 

70 

147 


2 

6 

98 

71 

144 


2 

7 

5 

76 

141 

[1] 

2 

8 

99 

72 

138 


2 

9 

1 

74 

135 

[1] 

2 

10 

3 

75 

132 


2 

11 

6 

77 

129 

[1] 

2 

12 

8 

79 

126 


2 

13 

10 

80 

123 


2 

14 

11 

81 

120 


2 

15 

13 

83 

117 


2 

16 

12 

82 

114 


2 

17 

14 

84 

111 


2 

18 

94 

- 

108 



Notes: [1] Global control pin 

Contact factory for TQ100 pinouts 


Function 

Block 

Macrocell 

PQ100 

PC84 

BScan 

Order 

Notes 

3 

1 

43 

25 

105 


3 

2 

34 

17 

102 


3 

3 

51 

31 

99 


3 

4 

52 

32 

96 


3 

5 

37 

19 

93 


3 

6 

55 

34 

90 


3 

7 

56 

35 

87 


3 

8 

39 

21 

84 


3 

9 

44 

26 

81 


3 

10 

62 

40 

78 


3 

11 

54 

33 

75 


3 

12 

63 

41 

72 


3 

13 

65 

43 

69 


3 

14 

57 

36 

66 


3 

15 

58 

37 

63 


3 

16 

67 

45 

60 


3 

17 

60 

39 

57 


3 

18 

61 

- 

54 


4 

1 

68 

46 

51 


4 

2 

66 

44 

48 


4 

3 

73 

51 

45 


4 

4 

74 

52 

42 


4 

5 

69 

47 

39 


4 

6 

78 

54 

36 


4 

7 

79 

55 

33 


4 

8 

70 

48 

30 


4 ' 

9 

72 

50 

27 


4 

10 

83 

57 

24 


4 

11 

76 

53 

21 


4 

12 

84 

58 

18 


4 

13 

87 

61 

15 


4 

14 

80 

56 

12 


4 

15 

91 

65 

9 


4 

16 

88 

62 

6 


4 

17 

92 

66 

3 


4 

18 

81 

- 

0 
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XC9572 In-System Programmable CPLD 


XC9572 Global, JTAG and Power Pins 


Pin Type 

PC84 

PQ100 

l/O/GCKI 

9 

24 

I/0/GCK2 

10 

25 

I/0/GCK3 

12 

29 

l/O/GTSI 

76 

5 

I/0/GTS2 

77 

6 

l/O/GSR 

74 

1 

TCK 

30 

50 

TDI 

28 

47 

TDO 

59 

85 

TMS 

29 

49 

V CCINT 5 v 

38,73,78 

7,59,100 

V C CI0 3.3V/5V 

22,64 

28,40,53,90 

GND 

8,16,27,42,49,60 

2,23,33,46,64,71,77,86 
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flXIUNX’ 

XC95108 In-System 
Programmable CPLD 

February 1996 

Preliminary Product Information 


Features 

• 7.5 ns pin-to-pin logic delays on all pins 

• few t0 125 MHz 

• 108 macrocells with 2400 usable gates 

• Up to 108 user I/O pins 

• 5 V in-system programmable 

- Endurance of 10,000 program/erase cycles 

- Program/erase over full voltage and temperature 
range 

• Enhanced pin-locking architecture 

• Flexible 36V18 Function Block 

- 90 product terms drive any or all of 18 macrocells 
within Function Block 

- Global and product term clocks, output enables, set 
and reset signals 

• Extensive IEEE Std 1149.1 boundary-scan (JTAG) 
support 

• Programmable power reduction mode in each 
macrocell 

• Slew rate control on individual outputs 

• User programmable ground pin capability 

• Extended pattern security features for design 
protection 

• High-drive 24 mA outputs with 3.3 V or 5 V I/O 
capability 

• PCI compliant (-7, -10 speed grades) 

• Advanced 0.6 pm CMOS 5V FastFLASH technology 

• Available in 84-pin PLCC, 100-pin PQFP, 100-pin 
TQFP and 160-pin PQFP packages 


Description 

The XC95108 is a high-performance CPLD providing 
advanced in-system programming and test capabilities 
for general purpose logic integration. It is comprised of 
six 36V18 Function Blocks, providing 2,400 usable 
gates with propagation delays of 7.5 ns. See Figure 1 
for the architecture overview. 

Power Management 

Power dissipation can be reduced in the XC95108 by 
configuring macrocells to standard or low-power modes 
of operation. Unused macrocells are turned off to mini¬ 
mize power dissipation. 

Operating current for each design can be approximated 
for specific operating conditions using the following 
equation: 

Ice ( mA ) = 

MC hp (1.7) + MC lp (0.9) + MC (0.006 mA/MHz) f 
Where: 

MC hp = Macrocells in high-performance mode 
MC lp = Macrocells in low-power mode 
MC = Total number of macrocells used 
f = Clock frequency (MHz) 

Figure 2 shows a typical calculation for the XC95108 
device. 
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XC95108 In-System Programmable CPLD 


I/O 

I/O 

I/O 

I/O 


I/O 

I/O 

I/O 

I/O 

l/O/GCK 

l/O/GSR 

l/O/GTS 



X5897 


Figure 1. XC95108 Architecture 

Note: Function Block outputs indicated by bold line drive directly to I/O Blocks 



(250) 


(170) 


0 


50 

Clock Frequency (MHz) 


100 


X5898 


Figure 2. Typical Iqq vs Frequency For XC95108 
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Kxilinx 


Absolute Maximum Ratings 


Symbol 

Parameter 

Value 

Units 

v cc 

Supply voltage relative to GND 

-0.5 to 7.0 

V 

V,N 

DC input voltage relative to GND 

-0.5 to V cc + 0.5 

V 

V TS 

Voltage applied to 3-state output with respect to GND 

-0.5 to Vqq + 0.5 

V 

t stg 

Storage temperature 

-65 to+150 

°c 

t sol 

Max soldering temperature (10 ns @ 1/16 in = 1.5 mm) 

+260 

°c 


Warning: Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are 
stress ratings only, and functional operation of the device at these or any other conditions beyond those listed under Recommended 
Operating Conditions is not implied. Exposure to Absolute Maximum Rating conditions for extended periods of time may affect 
device reliability. 


Recommended Operating Conditions 1 


Symbol 

Parameter 

Min 

Max 

Units 

V CCINT 

Supply voltage for internal logic and input buffer 

4.75 

(4.5) 

5.25 

(5.5) 

V 

V CCIO 

Supply voltage for output drivers for 5 V operation 

4.75 (4.5) 

5.25 (5.5) 

V 

Supply voltage for output drivers for 3.3 V operation 

3.0 

3.6 

V 

V,L 

Low-level input voltage 

0 

0.80 

V 

V,H 

High-level input voltage 

2.0 

V CCINT +0.5 

V 

V 0 

Output voltage 

0 

V CCINT + 0.5 

V 

Tin 

Input signal transition time 


50 

ns 


Note 1. Numbers in parenthesis are for industrial-temperature range versions. 


DC Characteristics Over Recommended Operating Conditions 


Symbol 

Parameter 

Test Conditions 

Min 

Max 

Units 

X 

o 

> 

Output high voltage for 5 V operation 

I 0 h = -4-0 mA 

Vqq = Min 

2.4 


V 

Output high voltage for 3.3 V operation 

l 0H = -3.2 mA 

Vqq = Min 

2.4 


V 

V 0 L 

Output low voltage for 5 V operation 

l 0L = 24 mA 

Vqq = Min 


0.5 

V 

Output low voltage for 3.3 V operation 

l 0L = 10 mA 

Vqq = Min 


0.4 

V 

l|L 

Input leakage current 

Vqq = Max 

V|fsj =: GND or Vqq 


±10.0 

pA 

l|H 

I/O high-Z leakage current 

Vqq = Max 

V|n = GND or Vqq 


±10.0 

pA 

C|N 

I/O capacitance 

V| N = GND 
f= 1.0 MHz 


10.0 

PF 

•cc 

Operating Supply Current 
(low power mode, active) 

V, = GND, No load 
f = 1.0 MHz 

100 mA Typ 
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XC95108 In-System Programmable CPLD 


AC Characteristics 




XC95108-7 

XC95108-10 

XC95108-15 

XC95108-20 


Symbol 

Parameter 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Units 

*pd 

I/O to output valid 


7.5 


10 


15 


20 

ns 

tsu 

I/O setup time before GCK 

5.5 


6.5 


8.0 


10.0 


ns 

t H 

I/O hold time after GCK 

0 


0 


0 


0 


ns 

*00 

GCK to output valid 


5.5 


C.5 


8.0 


10.0 

ns 

f CNT 

16-bit counter frequency 

125 


111 


95.0 


83.0 


MHz 

^SYSTEM 2 

Multiple FB Internal Operating Frequency 

83.0 


67.0 


55.0 


50.0 


MHz 

tpsu 

I/O setup time before p-term clock input 

0.5 


1.0 


2.0 


4.0 


ns 

tpH 

I/O hold time after p-term clock input 

5.0 


5.5 


6.0 


6.0 


ns 

tpco 

P-term clock to output valid 


10.5 


12.0 


14.0 


16.0 

ns 

*0E 

GTS to output valid 


7.0 


10.0 


15.0 


20.0 

ns 

*OD 

GTS to output disable 


7.0 


10.0 


15.0 


20.0 

ns 

*POE 

Product term OE to output valid 


13.0 


15.5 


18.0 


22.0 

ns 

*POD 

Product term OE to output disable 


13.0 


15.5 


18.0 


22.0 

ns 

tpTA 

Product term allocator delay 


1.5 


2.0 


2.0 


2.0 

ns 

^FBK 

Internal combinatorial feedback delay 


8.5 


12.0 


17.0 


20.0 

ns 

f WLH 

GCK pulse width 

4.0 


4.5 


5.0 


6.0 


ns 

tSLEW 

Slew rate time delay 


4.0 


4.5 


5.0 


5.5 

ns 

*LP 

Low power time delay adder 


8.0 


8.5 


8.5 


8.5 

ns 


Note 2. fsvsTEM = internal operating frequency for general purpose system designs spanning multiple FBs. 


Preliminary 


V TEST 



Output Type 

v CClO 

V TEST 

R 1 

r 2 

c L 


5.0 V 

5.0 V 

160 O 

120 O 

35 pF 

3.3 V 

3.3 V 

260 Q 

360 0 

35 pF 


Figure 3. AC Load Circuit 
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XXILINX 


XC95108 I/O Pins 


Function 

Block 

Macrocell 

PC84 

PQ100 

PQ160 

BScan 

Order 

Notes 

1 

1 

- 

- 

25 

321 


1 

2 

1 

15 

21 

318 


1 

3 

2 

16 

22 

315 


1 

4 

- 

21 

29 

312 


1 

5 

3 

17 

23 

309 


1 

6 

4 

18 

24 

306 


1 

7 

- 

- 

27 

303 


1 

8 

5 

19 

26 

300 


1 

9 

6 

20 

28 

297 


1 

10 

- 

26 

36 

294 


1 

11 

7 

22 

30 

291 


1 

12 

9 

24 

33 

288 

[1] 

i 

13 

- 

- 

34 

285 


1 

14 

10 

25 

35 

282 

in 

1 

15 

11 

27 

37 

279 


1 

16 

12 

29 

42 

276 

[1] 

1 

17 

13 

30 

44 

273 


1 

18 

- 


43 

270 


2 

1 

- 

- 

158 

267 


2 

2 

71 

98 

154 

264 


2 

3 

72 

99 

156 

261 


2 

4 

- 

4 

4 

258 


2 

5 

74 

1 

159 

255 

[1] 

2 

6 

75 

3 

2 

252 


2 

7 

- 


9 

249 


2 

8 

76 

5 

6 

246 

[1] 

2 

9 

77 

6 

8 

243 

[1] 

2 

10 

- 

9 

12 

240 


2 

11 

79 

8 

11 

237 


2 

12 

80 

10 

13 

234 


2 

13 

- 

- 

14 

231 


2 

14 

81 

11 

15 

228 


2 

15 

82 

12 

17 

225 


2 

16 

83 

13 

18 

222 


2 

17 

84 

14 

19 

219 


2 

18 


- 

16 

216 



Notes: [1] Global control pin 


Contact factory for TQ100 pinouts 


Function 

Block 

Macrocell 

PC84 

PQ100 

PQ160 

BScan 

Order 

Notes 

3 

1 

- 

- 

45 

213 


3 

2 

14 

31 

47 

210 


3 

3 

15 

32 

49 

207 


3 

4 

- 

36 

57 

204 


3 

5 

17 

34 

54 

201 


3 

6 

18 

35 

56 

198 


3 

7 

- 

- 

50 

195 


3 

8 

19 

37 

58 

192 


3 

9 

20 

38 

59 

189 


3 

10 

- 

45 

69 

186 


3 

11 

21 

39 

60 

183 


3 

12 

23 

41 

62 

180 


3 

13 

- 

- 

52 

177 


3 

14 

24 

42 

63 

174 


3 

15 

25 

43 

64 

171 


3 

16 

26 

44 

68 

168 


3 

17 

31 

51 

77 

165 


3 

18 

- 

- 

74 

162 


4 

1 

- 

- 

123 

159 


4 

2 

57 

83 

134 

156 


4 

3 

58 

84 

135 

153 


4 

4 

- 

82 

133 

150 


4 

5 

61 

87 

138 

147 


4 

6 

62 

88 

139 

144 


4 

7 

- 

- 

128 

141 


4 

8 

63 

89 

140 

138 


4 

9 

65 

91 

142 

135 


4 

10 

- 

- 

147 

132 


4 

11 

66 

92 

143 

129 


4 

12 

67 

93 

144 

126 


4 

13 

- 

- 

153 

123 


4 

14 

68 

95 

146 

120 


4 

15 

69 

96 

148 

117 


4 

16 

- 

94 

145 

114 


4 

17 

70 

97 

152 

111 


4 

L_. 18 _ 

1_I_ 

- 

155 

108 
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XC95108 In-System Programmable CPLD 


XC95108 I/O Pins (continued) 


Function 

Block 

Macrocell 

PC84 

PQ100 

PQ160 

BScan 

Order 

Notes 

5 

1 

- 

- 

76 

105 


5 

2 

32 

52 

79 

102 


5 

3 

33 

54 

82 

99 


5 

4 

- 

48 

72 

96 


5 

5 

34 

55 

86 

93 


5 

6 

35 

56 

88 

90 


5 

7 

- 

- 

78 

87 


5 

8 

36 

57 

90 

84 


5 

9 

37 

58 

92 

81 


5 

10 

- 

- 

84 

78 


5 

11 

39 

60 

95 

75 


5 

12 

40 

62 

97 

72 


5 

13 

- 

- 

87 

69 


5 

14 

41 

63 

98 

66 


5 

15 

43 

65 

101 

63 


5 

16 

- 

61 

96 

60 


5 

17 

44 

66 

102 

57 


5 

18 

- 

- 

89 

54 



Function 

Block 

Macrocell 

PC84 

PQ100 

PQ160 

BScan 

Order 

Notes 

6 

1 

- 

- 

91 

51 


6 

2 

45 

67 

103 

48 


6 

3 

46 

68 

104 

45 


6 

4 

- 

75 

116 

42 


6 

5 

47 

69 

106 

39 


6 

6 

48 

70 

108 

36 


6 

7 

- 

- 

105 

33 


6 

8 

50 

72 

111 

30 


6 

9 

51 

73 

113 

27 


6 

10 

- 

- 

107 

24 


6 

11 

52 

74 

115 

21 


6 

12 

53 

76 

117 

18 


6 

13 

- 

- 

112 

15 


6 

14 

54 

78 

122 

12 


6 

15 

55 

79 

124 

9 


6 

16 

- 

81 

129 

6 


6 

17 

56 

80 

126 

3 


6 

18 

- 

- 

114 

0 



XC95108 Global, JTAG and Power Pins 


Pin Type 

PC84 

PQ100 

PQ160 

l/O/GCKI 

9 

24 

33 

I/0/GCK2 

10 

25 

35 

I/0/GCK3 

12 

29 

42 

l/O/GTSI 

76 

5 

6 

I/0/GTS2 

77 

6 

8 

l/O/GSR 

74 

1 

159 

TCK 

30 

50 

75 

TDI 

28 

47 

71 

TDO 

59 

85 

136 

TMS 

29 

49 

73 

V CCINT 5 v 

38,73,78 

7,59,100 

10,46,94,157 

Vccio 3.3 V/5 V 

22,64 

28,40,53,90 

1,41,61,81,121,141 

GND 

8,16,27,42,49,60 

2,23,33,46,64,71,77,86 

20,31,40,51,70,80,99 

GND 

- 


100,110,120,127,137 

GND 

- 

- 

160 
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KXILINX 


Ordering Information 


XC95108 ■ 7 PQ 160 C 


Device Type 


Speed 

Speed Options 

20 r 
15 r 
10 r 

7.5 ns pin-to-pin delay 

Packaging Options 

PC84 84-Pin Plastic Leaded Chip Carrier (PLCC) 
PQ100 100-Pin Plastic Quad Flat Pack (PQFP) 
TQ100 100-Pin Thin Quad Flat Pack (TQFP) 
PQ160 160-Pin Plastic Quad Flat Pack (PQFP) 


-20 

20 ns | 

-15 

15 ns | 

-10 

10 ns | 

-7 

7.5 ns 


1— Temperature Range 


-Number of Pins 


Package Type 


Temperature Options 

C Commercial 0°C to 70°C 
I Industrial -40°C to 85°C 


Component Availability 


Pins 

Type 

44 

84 

100 

160 

208 

Plastic 

PLCC 

Plastic 

VQFP 

Plastic 

PLCC 

Plastic 

PQFP 

Plastic 

TQFP 

Plastic 

PQFP 

Power 

QFP 

Code 

PC44 

VQ44 

PC84 

PQ100 

TQ100 

PQ160 

HQ208 

-20 

XC95108 _15 

-10 

-7 


.... , - ; 

C(l) 

C(l) 

C(l) 

C(l) 


r, ™ ,r r r ' 


O(l) 

O(I) ! 

O(I) 

C(l) 

‘ 




C(l) 

C(l) 

C(l) 

C(l) 



■ 

1 JJJ.JW _ / 

c 

c 

c 

c 

" ; 5 



X5941 
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$1XILINX 

XC95144 In-System 
Programmable CPLD 

February 1996 

Advance Product Information 


Features 

• 7.5 ns pin-to-pin logic delays on all pins 

• f CNT to 111 MHz 

• 144 macrocells with 3,200 usable gates 

• Up to 133 user I/O pins 

• 5 V in-system programmable 

- Endurance of 10,000 program/erase cycles 

- Program/erase over full voltage and temperature 
range 

• Enhanced pin-locking architecture 

• Flexible 36V18 Function Block 

- 90 product terms drive any or all of 18 macrocells 
within Function Block 

- Global and product term clocks, output enables, set 
and reset signals 

• Extensive IEEE Std 1149.1 boundary-scan (JTAG) 
support 

• Programmable power reduction mode in each 
macrocell 

• Slew rate control on individual outputs 

• User programmable ground pin capability 

• Extended pattern security features for design 
protection 

• High-drive 24 mA outputs with 3.3 V or 5 V I/O 
capability 

• PCI compliant (-7, -10 speed grades) 

• Advanced 0.6 pm CMOS 5V FastFLASH technology 

• Available in 100-pin PQFP, and 160-pin PQFP 
packages 


Description 

The XC95144 is a high-performance CPLD providing 
advanced in-system programming and test capabilities 
for general purpose logic integration. It is comprised of 
eight 36V18 Function Blocks, providing 3,200 usable 
gates with propagation delays of 7.5 ns. See Figure 1 
for the architecture overview. 

Power Management 

Power dissipation can be reduced in the XC95144 by 
configuring macrocells to standard or low-power modes 
of operation. Unused macrocells are turned off to mini¬ 
mize power dissipation. 

Operating current for each design can be approximated 
for specific operating conditions using the following 
equation: 

Ice (mA) = 

MC hp (1.7) + MC lp (0.9) + MC (0.006 mA/MHz) f 
Where: 

MC H p = Macrocells in high-performance mode 
MC lp = Macrocells in low-power mode 
MC = Total number of macrocells used 
f = Clock frequency (MHz) 
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XC95144 In-System Programmable CPLD 


JTAG Port 


{ 


I/O 

I/O 

I/O 

I/O 


I/O 

I/O 

I/O 

I/O 

l/O/GCK 

l/O/GSR 

l/O/GTS 



X5922 


Figure 1. XC95144 Architecture 

Note: Function Block outputs indicated by bold line drive directly to I/O Blocks 
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JIXIUNX 


XC95144 I/O Pins 


Function 

Block 

Macrocell 

PQ100 

PQ160 

BScan 

Order 

Notes 

3 

1 

- 

53 

321 


3 

2 

27 

37 

318 


3 

3 

- 

84 

315 


3 

4 

- 

45 

312 


3 

5 

29 

42 

309 

[1] 

3 

6 

30 

44 

306 


3 

7 

- 

48 

303 


3 

8 

31 

47 

300 


3 

9 

32 

49 

297 


3 

10 

- 

89 

294 


3 

11 

34 

54 

291 


3 

12 

35 

56 

288 


3 

13 

- 

55 

285 


3 

14 

36 

57 

282 


3 

15 

37 

58 

279 


3 

16 

- 

34 

276 


3 

17 

38 

59 

273 


3 

18 

- 

- 

270 


4 

1 

- 

149 

267 


4 

2 

92 

143 

264 


4 

3 

- 

107 

261 


4 

4 

- 

123 

258 


4 

5 

93 

144 

255 


4 

6 

94 

145 

252 


4 

7 

- 

151 

249 


4 

8 

95 

146 

246 


4 

9 

96 

148 

243 


4 

10 

- 

114 

240 


4 

11 

97 

152 

237 


4 

12 

98 

154 

234 


4 

13 

- 

150 

231 


4 

14 

99 

156 

228 


4 

15 

1 

159 

225 

[1] 

4 

16 

- 

14 

222 


4 

17 

3 

2 

219 

[1] 

4 

18 

- 

- 

216 



Function 

Block 

Macrocell 

PQ100 

PQ160 

BScan 

Order 

Notes 

1 

1 

- 

38 

429 


1 

2 

15 

21 

426 


1 

3 

16 

22 

423 


1 

4 

- 

25 

420 


1 

5 

17 

23 

417 


1 

6 

18 

24 

414 


1 

7 

- 

32 

411 


1 

8 

19 

26 

408 


1 

9 

20 

28 

405 


1 

10 

- 

74 

402 


1 

11 

21 

29 

399 


1 

12 

22 

30 

396 


1 

13 

- 

39 

393 


1 

14 

24 

33 

390 

[1] 

1 

15 

25 

35 

387 

[1] 

1 

16 

- 

78 

384 


1 

17 

26 

36 

381 


1 

18 

- 

- 

378 


2 

1 

- 

3 

375 


2 

2 

4 

4 

372 

[1] 

2 

3 

- 

147 

369 


2 

4 

- 

158 

366 


2 

5 

5 

6 

363 

[1] 

2 

6 

6 

8 

360 

[1] 

2 

7 

- 

7 

357 


2 

8 

8 

11 

354 


2 

9 

9 

12 

351 


2 

10 

- 

155 

348 


2 

11 

10 

13 

345 


2 

12 

11 

15 

342 


2 

13 

- 

5 

339 


2 

14 

12 

17 

336 


2 

15 

13 

18 

333 


2 

16 

- 

105 

330 


2 

17 

14 

19 

327 


2 

18 

- 


324 



Notes: [1] Global control pin 

Macrocell outputs to package pins subject to change, contact factory for 
latest information. Power, GND, JTAG and Global Signals are fixed. 
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XC95144 In-System Programmable CPLD 


XC95144 I/O Pins (continued) 


Function 

Block 

Macrocell 

PQ100 

PQ160 

BScan 

Order 

Notes 

5 

i 

- 

65 

213 


5 

2 

39 

60 

210 


5 

3 

- 

27 

207 


5 

4 

- 

76 

204 


5 

5 

41 

62 

201 


5 

6 

42 

63 

198 


5 

7 

- 

67 

195 


5 

8 

43 

64 

192 


5 

9 

44 

68 

189 


5 

10 

- 

93 

186 


5 

11 

45 

69 

183 


5 

12 

48 

72 

180 


5 

13 

- 

66 

177 


5 

14 

51 

77 

174 


5 

15 

52 

79 

171 


5 

16 

- 

52 

168 


5 

17 

54 

82 

165 


5 

18 

- 

- 

162 


6 

1 

- 

- 

159 


6 

2 

79 

124 

156 


6 

3 

- 

9 

153 


6 

4 

- 

91 

150 


6 

5 

80 

126 

147 


6 

6 

81 

129 

144 


6 

7 

- 

131 

141 


6 

8 

82 

133 

138 


6 

9 

83 

134 

135 


6 

10 

- 

130 

132 


6 

11 

84 

135 

129 


6 

12 

87 

138 

126 


6 

13 

- 

132 

123 


6 

14 

88 

139 

120 


6 

15 

89 

140 

117 


6 

16 

- 

153 

114 


6 

17 

91 

142 

111 


6 

18 

- 

- 

108 



Function 

Block 

Macrocell 

PQ100 

PQ160 

BScan 

Order 

Notes 

7 

1 

- 

- 

105 


7 

2 

55 

86 

102 


7 

3 

- 

50 

99 


7 

4 

- 

43 

96 


7 

5 

56 

88 

93 


7 

6 

57 

90 

90 


7 

7 

- 

83 

87 


7 

8 

58 

92 

84 


7 

9 

60 

95 

81 


7 

10 

- 

109 

78 


7 

11 

61 

96 

75 


7 

12 

62 

97 

72 


7 

13 

- 

85 

69 


7 

14 

63 

98 

66 


7 

15 

65 

101 

63 


7 

16 

- 

87 

60 


7 

17 

66 

102 

57 


7 

18 

- 

- 

54 


8 

1 

- 

- 

51 


8 

2 

67 

103 

48 


8 

3 

- 

128 

45 


8 

4 

- 

16 

42 


8 

5 

68 

104 

39 


8 

6 

69 

106 

36 


8 

7 

- 

118 

33 


8 

8 

70 

108 

30 


8 

9 

72 

111 

27 


8 

10 

- 

125 

24 


8 

11 

73 

113 

21 


8 

12 

74 

115 

18 


8 

13 

- 

119 

15 


8 

14 

75 

116 

12 


8 

15 

76 

117 

9 


8 

16 

- 

112 

6 


8 

17 

78 

122 

3 


8 

18 

- 

- 

0 
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JIXILINX 


XC95144 Global, JTAG and Power Pins 


Pin Type 

PQ100 

PQ160 

l/O/GCKI 

24 

33 

I/0/GCK2 

25 

35 

I/0/GCK3 

29 

42 

l/O/GTSI 

5 

6 

I/0/GTS2 

6 

8 

I/0/GTS3 

3 

2 

I/0/GTS4 

4 

4 

1/O/GSR 

1 

159 

TCK 

50 

75 

TDI 

47 

71 

TDO 

85 

136 

TMS 

49 

73 

V CCINT 5 V 

7,59,100 

10,46,94,157 

VcciO 3-3 V/5 V 

28,40,53,90 

1,41,61,81,121,141 

GND 

2,23,33,46,64,71, 

77,86 

20,31,40,51,70,80, 

99,100,110,120,127, 

137,160 
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HXIUNX 

XC95180 In-System 
Programmable CPLD 

February 1996 

Advance Product Information 


Features 

• 10 ns pin-to-pin logic delays on all pins 

• f CNT to 111 MHz 

• 180 macrocells with 4,000 usable gates 

• Up to 168 user I/O pins 

• 5 V in-system programmable 

- Endurance of 10,000 program/erase cycles 

- Program/erase overfull voltage and temperature 
range 

• Enhanced pin-locking architecture 

• Flexible 36V18 Function Block 

- 90 product terms drive any or all of 18 macrocells 
within Function Block 

- Global and product term clocks, output enables, set 
and reset signals 

• Extensive IEEE Std 1149.1 boundary-scan (JTAG) 
support 

• Programmable power reduction mode in each 
macrocell 

• Slew rate control on individual outputs 

• User programmable ground pin capability 

• Extended pattern security features for design 
protection 

• High-drive 24 mA outputs with 3.3 V or 5 V I/O 
capability 

• PCI compliant (-10 speed grade) 

• Advanced 0.6 pm CMOS 5V FastFLASH technology 

• Available in 160-pin PQFP, and 208-pin HQFP 
packages 


Description 

The XC95180 is a high-performance CPLD providing 
advanced in-system programming and test capabilities 
for general purpose logic integration. It is comprised of 
ten 36V18 Function Blocks, providing 4,000 usable 
gates with propagation delays of 10 ns. See Figure 1 for 
the architecture overview. 

Power Management 

Power dissipation can be reduced in the XC95180 by 
configuring macrocells to standard or low-power modes 
of operation. Unused macrocells are turned off to mini¬ 
mize power dissipation. 

Operating current for each design can be approximated 
for specific operating conditions using the following 
equation: 

Ice ( mA ) = 

MC hp (1.7) + MC lp (0.9) + MC (0.006 mA/MHz) f 
Where: 

MC hp = Macrocells in high-performance mode 
MC lp = Macrocells in low-power mode 
MC = Total number of macrocells used 
f = Clock frequency (MHz) 
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XXIUNX 


XC95180 I/O Pins 


Function 

Block 

Macrocell 

HQ208 

PQ160 

BScan 

Order 

Notes 

1 

1 

39 

- 

537 


1 

2 

30 

22 

534 


1 

3 

31 

23 

531 


1 

4 

32 

24 

528 


1 

5 

33 

25 

525 


1 

6 

34 

26 

522 


1 

7 

40 

- 

519 


1 

8 

35 

27 

516 


1 

9 

36 

28 

513 


1 

10 

37 

29 

510 


1 

11 

38 

30 

507 


1 

12 

43 

32 

504 


1 

13 

41 

- 

501 


1 

14 

44 

33 

498 

[1] 

1 

15 

45 

34 

495 


1 

16 

46 

35 

492 

[1] 

1 

17 

47 

36 

489 


1 

18 

- 

- 

486 


2 

1 

14 

- 

483 


2 

2 

7 

6 

480 

[1] 

2 

3 

8 

7 

477 


2 

4 

9 

8 

474 

[1] 

2 

5 

10 

9 

471 


2 

6 

15 

11 

468 


2 

7 

28 

- 

465 


2 

8 

16 

12 

462 


2 

9 

17 

13 

459 


2 

10 

18 

14 

456 


2 

11 

19 

15 

453 


2 

12 

20 

16 

450 


2 

13 

29 

- 

447 


2 

14 

21 

17 

444 


2 

15 

22 

18 

441 


2 

16 

23 

19 

438 


2 

17 

25 

21 

435 


2 

18 

- 

- 

432 



Function 

Block 

Macrocell 

HQ208 

PQ160 

BScan 

Order 

Notes 

3 

1 

48 

- 

429 


3 

2 

49 

37 

426 


3 

3 

50 

38 

423 


3 

4 

51 

39 

420 


3 

5 

55 

42 

417 

[1] 

3 

6 

56 

43 

414 


3 

7 

54 

- 

411 


3 

8 

57 

44 

408 


3 

9 

58 

45 

405 


3 

10 

60 

47 

402 


3 

11 

61 

48 

399 


3 

12 

63 

49 

396 


3 

13 

62 

- 

393 


3 

14 

64 

50 

390 


3 

15 

70 

52 

387 


3 

16 

71 

53 

384 


3 

17 

74 

56 

381 


3 

18 

- 

- 

387 


4 

1 

196 

- 

375 


4 

2 

194 

150 

372 


4 

3 

197 

151 

369 


4 

4 

198 

152 

366 


4 

5 

199 

153 

363 


4 

6 

200 

154 

360 


4 

7 

203 

- 

357 


4 

8 

201 

155 

354 


4 

9 

202 

156 

351 


4 

10 

208 


348 


4 

11 

205 

158 

345 


4 

12 

206 

159 

342 

[1] 

4 

13 

12 

- 

339 


4 

14 

3 

2 

336 

in 

4 

15 

4 

3 

333 


4 

16 

5 

4 

330 

t 1 ! 

4 

17 

6 

5 

327 


4 

18 

- 

- 

324 



Notes: [1] Global control pin 

Macrocell outputs to package pins subject to change, contact factory for 
latest information. Power, GND, JTAG and Global Signals are fixed. 
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XC95180 I/O Pins (continued) 


Function 

Block 

Macrocell 

HQ208 

PQ160 

BScan 

Order 

Notes 

5 

1 

66 

- 

321 


5 

2 

72 

54 

318 


5 

3 

73 

55 

315 


5 

4 

75 

57 

312 


5 

5 

76 

58 

309 


5 

6 

77 

59 

306 


5 

7 

67 

- 

303 


5 

8 

78 

60 

300 


5 

9 

82 

62 

297 


5 

10 

69 

- 

294 


5 

11 

83 

63 

291 


5 

12 

84 

64 

288 


5 

13 

80 

- 

285 


5 

14 

85 

65 

282 


5 

15 

86 

66 

279 


5 

16 

87 

67 

276 


5 

17 

88 

68 

273 


5 

18 

- 

- 

270 


6 

1 

169 

- 

267 


6 

2 

174 

134 

264 


6 

3 

175 

135 

261 


6 

4 

178 

138 

258 


6 

5 

179 

139 

255 


6 

6 

180 

140 

252 


6 

7 

183 

- 

249 


6 

8 

182 

142 

246 


6 

9 

185 

143 

243 


6 

10 

189 

- 

240 


6 

11 

186 

144 

237 


6 

12 

187 

145 

234 


6 

13 

195 

- 

231 


6 

14 

188 

146 

228 


6 

15 

191 

147 

225 


6 

16 

192 

148 

222 


6 

17 

193 

149 

219 


6 

18 

- 

- 

216 



Function 

Block 

Macrocell 

HQ208 

PQ160 

BScan 

Order 

Notes 

7 

1 

90 

- 

213 


7 

2 

89 

69 

210 


7 

3 

95 

72 

207 


7 

4 

97 

74 

204 


7 

5 

99 

76 

201 


7 

6 

100 

77 

198 


7 

7 

91 

- 

195 


7 

8 

102 

78 

192 


7 

9 

103 

79 

189 


7 

10 

101 

_ 

186 


7 

11 

110 

82 

183 


7 

12 

111 

83 

180 


7 

13 

106 

- 

177 


7 

14 

112 

84 

174 


7 

15 

113 

85 

171 


7 

16 

114 

86 

168 


7 

17 

115 

87 

165 


7 

18 

- 

- 

162 


8 

1 

144 

- 

159 


8 

2 

154 

118 

156 


8 

3 

155 

119 

153 


8 

4 

158 

122 

150 


8 

5 

159 

123 

147 


8 

6 

160 

124 

144 


8 

7 

151 

- 

141 


8 

8 

161 

125 

138 


8 

9 

162 

126 

135 


8 

10 

165 

- 

132 


8 

11 

164 

128 

129 


8 

12 

166 

129 

126 


8 

13 

168 

- 

123 


8 

14 

167 

130 

120 


8 

15 

170 

131 

117 


8 

16 

171 

132 

114 


8 

17 

173 

133 

111 


8 

18 

- 

- 

108 
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JIXILINX 


XC95180 I/O Pins (continued) 


Function 

Block 

Macrocell 

HQ208 

PQ160 

BScan 

Order 

Notes 


Function 

Block 

Macrocell 

HQ208 

PQ160 

BScan 

Order 

Notes 

9 

1 

- 

- 

105 



10 

1 

- 

- 

51 


9 

2 

116 

88 

102 



10 

2 

135 

104 

48 


9 

3 

117 

89 

99 



10 

3 

136 

105 

45 


9 

4 

118 

90 

96 



10 

4 

137 

106 

42 


9 

5 

121 

91 

93 



10 

5 

138 

107 

39 


9 

6 

122 

92 

90 



10 

6 

139 

108 

36 


9 

7 

107 

- 

87 



10 

7 

120 

- 

33 


9 

8 

123 

93 

84 



10 

8 

140 

109 

30 


9 

9 

125 

95 

81 



10 

9 

145 

111 

27 


9 

10 

109 

- 

78 



10 

10 

142 

- 

24 


9 

11 

126 

96 

75 



10 

11 

146 

112 

21 


9 

12 

127 

97 

72 



10 

12 

147 

113 

18 


9 

13 

119 

- 

69 



10 

13 

143 

- 

15 


9 

14 

128 

98 

66 



10 

14 

148 

114 

12 


9 

15 

131 

101 

63 



10 

1 

15 

149 

115 

9 


9 

16 

133 

102 

60 



10 

16 

150 

116 

6 


9 

17 

134 

103 

57 



10 

17 

152 

117 

3 


9 

18 

- 

- 

54 



10 

18 

- 

- 

0 



XC95180 Global, JTAG and Power Pins 


Pin Type 

HQ208 

PQ160 

l/O/GCKI 

44 

33 

I/0/GCK2 

46 

35 

I/0/GCK3 

55 

42 

l/O/GTSI 

7 

6 

I/0/GTS2 

9 

8 

I/0/GTS3 

3 

2 

I/0/GTS4 

5 

4 

l/O/GSR 

206 

159 

TCK 

98 

75 

TDI 

94 

71 

TDO 

176 

136 

TMS 

96 

73 

V CCINT 5 v 

11,59,124,153,204 

10,46,94,157 

VCCIO 3-3 V/5 V 

1,26,53,65,79,92,105, 

132,157,172,181,184 

1,41,61,81,121,141 

GND 

2,13,24,27,42,52,68,81, 

93,104,108,129,130, 

141,156,163,177, 

190,207 

_!_ i 

20,31,40,51,70,80, 

99,100,110,120,127, 

137,160 
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HXIUNX 

XC95216 In-System 
Programmable CPLD 

February 1996 

Preliminary Product Information 


Features 

• 10 ns pin-to-pin logic delays on all pins 

• f CNT to 111 MHz 

•216 macrocells with 4800 usable gates 

• Up to 168 user I/O pins 

• 5 V in-system programmable 

- Endurance of 10,000 program/erase cycles 

- Program/erase over full voltage and temperature 
range 

• Enhanced pin-locking architecture 

• Flexible 36V18 Function Block 

- 90 product terms drive any or all of 18 macrocells 
within Function Block 

- Global and product term clocks, output enables, set 
and reset signals 

• Extensive IEEE Std 1149.1 boundary-scan (JTAG) 
support 

• Programmable power reduction mode in each 
macrocell 

• Slew rate control on individual outputs 

• User programmable ground pin capability 

• Extended pattern security features for design 
protection 

• High-drive 24 mA outputs with 3.3 V or 5 V I/O 
capability 

• PCI compliant (-10 speed grade) 

• Advanced 0.6 pm CMOS 5V FastFLASH technology 

• Available in 160-pin PQFP and 208-pin HQFP 
packages 


Description 

The XC95216 is a high-performance CPLD providing 
advanced in-system programming and test capabilities 
for general purpose logic integration. It is comprised of 
twelve 36V18 Function Blocks, providing 4,800 usable 
gates with propagation delays of 10 ns. See Figure 1 for 
the architecture overview. 

Power Management 

Power dissipation can be reduced in the XC95216 by 
configuring macrocells to standard or low-power modes 
of operation. Unused macrocells are turned off to mini¬ 
mize power dissipation. 

Operating current for each design can be approximated 
for specific operating conditions using the following 
equation: 

l cc (mA) = 

MC hp (1.7) + MC lp (0.9) + MC (0.006 mA/MHz) f 
Where: 

MC hp = Macrocells in high-performance mode 
MC lp = Macrocells in low-power mode 
MC = Total number of macrocells used 
f = Clock frequency (MHz) 

Figure 2 shows a typical calculation for the XC95216 
device. 
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XC95216 In-System Programmable CPLD 



In-System Programming Controller 


Figure 1. XC95216 Architecture 

Note: Function Block outputs indicated by bold line drive directly to I/O Blocks 



Macrocells 
1 to 18 


Function 
Block 2 
Macrocells 
1 to 18 


Macrocells 
1 to 18 


Macrocells 
1 to 18 


Clock Frequency (MHz) 


Figure 2. Typical Ire vs Frequency For XC95216 
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KXILINX 


Absolute Maximum Ratings 


Symbol 

Parameter 

Value 

Units 

< 

o 

o 

Supply voltage relative to GND 

-0.5 to 7.0 

V 

V,N 

DC input voltage relative to GND 

-0.5 to Vqq + 0.5 

V 

V TS 

Voltage applied to 3-state output with respect to GND 

-0.5 to V cc + 0.5 

V 

t stg 

Storage temperature 

-65 to +150 

°c 

t sol 

Max soldering temperature (10 ns @ 1/16 in = 1.5 mm) 

+260 

°c 


Warning: Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are 
stress ratings only, and functional operation of the device at these or any other conditions beyond those listed under Recommended 
Operating Conditions is not implied. Exposure to Absolute Maximum Rating conditions for extended periods of time may affect 
device reliability. 


Recommended Operating Conditions 1 


Symbol 

Parameter 

Min 

Max 

Units 

V CCINT 

Supply voltage for internal logic and input buffer 

4.75 

(4.5) 

5.25 

(5.5) 

V 

V CCIO 

Supply voltage for output drivers for 5 V operation 

4.75 (4.5) 

5.25 (5.5) 

V 

Supply voltage for output drivers for 3.3 V operation 

3.0 

3.6 

V 

V|L 

Low-level input voltage 

0 

0.80 

V 

V| H 

High-level input voltage 

2.0 

V CCINT + 0 - 5 

V 

v 0 

Output voltage 

0 

V CCINT + 05 

V 

Tin 

Input signal transition time 


50 

ns 


Note 1. Numbers in parenthesis are for industrial-temperature range versions. 


DC Characteristics Over Recommended Operating Conditions 


Symbol 

Parameter 

Test Conditions 

Min 

Max 

Units 

V OH 

Output high voltage for 5 V operation 

Iqh = -4.0 mA 

Vqq = Min 

2.4 


V 

Output high voltage for 3.3 V operation 

Iqi-i = -3.2 mA 

Vqq = Min 

2.4 


V 

d 

> 

Output low voltage for 5 V operation 

l 0L = 24 mA 

Vqq = Min 


0.5 

V 

Output low voltage for 3.3 V operation 

l 0L = 10 mA 

Vqq = Min 


0.4 

V 

l|L 

Input leakage current 

Vqq = Max 

V|N = GND or Vqq 


±10.0 

pA 

l|H 

I/O high-Z leakage current 

Vqq = Max 

Vijsj = GND or Vqq 


±10.0 

pA 

C IN 

I/O capacitance 

v )N = gnd 

f = 1.0 MHz 


10.0 

PF 

■cc 

Operating Supply Current 
(low power mode, active) 

V, = GND, No load 
f = 1.0 MHz 

200 mA 
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XC95216 In-System Programmable CPLD 


AC Characteristics 




XC95216-10 

XC95216-15 

XC95216-20 


Symbol 

Parameter 

Min 

Max 

Min 

Max 

Min 

Max 

Units 

tpD 

I/O to output valid 


10 


15 


20 

ns 

tsu 

I/O setup time before GCK 

6.5 


8.0 


10.0 


ns 

t H 

I/O hold time after GCK 

0 


0 


0 


ns 

{ co 

GCK to output valid 


6.5 


8.0 


10.0 

ns 

^CNT 

16-bit counter frequency 

111 


95.0 


83.0 


MHz 

^SYSTEM 2 

Multiple FB Internal Operating Frequency 

67.0 


55.0 


50.0 


MHz 

tpsu 

I/O setup time before p-term clock input 

1.0 


2.0 


4.0 


ns 

tpH 

I/O hold time after p-term clock input 

5.5 


6.0 


6.0 


ns 

tpCO 

P-term clock to output valid 


12.0 


14.0 


16.0 

ns 

{ OE 

GTS to output valid 


10.0 


15.0 


20.0 

ns 

{ OD 

GTS to output disable 


10.0 


15.0 


20.0 

ns 

*POE 

Product term OE to output valid 


15.5 


18.0 


22.0 

ns 

tpOD 

Product term OE to output disable 


15.5 


18.0 


22.0 

ns 

*PTA 

Product term allocator delay 


2.0 


2.0 


2.0 

ns 

tFBK 

Internal combinatorial feedback delay 


12,0 


17.0 


20.0 

ns 

f WLH 

GCK pulse width 

4.5 


5.0 


6.0 


ns 

tSLEW 

Slew rate time delay 


4.5 


5.0 


5.5 

ns 

l LP 

Low power time delay adder 


8.5 


8.5 


8.5 

ns 


Note 2. fsvsTEM = internal operating frequency for general purpose system designs spanning multiple FBs. 
Preliminary 


V TEST 



Output Type 

v CClO 

V TEST 

R 1 

r 2 

c L 


5.0 V 

5.0 V 

160 12 

120 Q 

35 pF 

3.3 V 

3.3 V 

260 i2 

360 Q 

35 pF 


Figure 3. AC Load Circuit 
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Kxilinx 


XC95216 I/O Pins 


Function 

Block 

Macrocell 

PQ160 

HQ208 

BScan 

Order 

Notes 

1 

1 

- 

- 

645 


1 

2 

18 

22 

642 


1 

3 

19 

23 

639 


1 

4 

- 

28 

636 


1 

5 

21 

25 

633 


1 

6 

22 

30 

630 


1 

7 

- 

- 

627 


1 

8 

23 

31 

624 


1 

9 

24 

32 

621 


1 

10 

- 

12 

618 


1 

11 

25 

33 

615 


1 

12 

26 

34 

612 


1 

13 

- 

- 

609 


1 

14 

27 

35 

606 


1 

15 

28 

36 

603 


1 

16 

29 

37 

600 


1 

17 

30 

38 

597 


1 

18 

- 

- 

594 


2 

1 

- 

- 

591 


2 

2 

6 

7 

588 

[1] 

2 

3 

7 

8 

585 


2 

4 

- 

29 

582 


2 

5 

8 

9 

579 

[1] 

2 

6 

9 

10 

576 


2 

7 

- 

- 

573 


2 

8 

11 

15 

570 


2 

9 

12 

16 

567 


2 

10 

- 

66 

564 


2 

11 

13 

17 

561 


2 

12 

14 

18 

558 


2 

13 

- 

- 

555 


2 

14 

15 

19 

552 


2 

15 

16 

20 

549 


2 

16 

- 

14 

546 


2 

17 

17 

21 

543 


2 

18 

- 

- 

540 



Note: [1] Global control pin 


Function 

Block 

Macrocell 

PQ160 

HQ208 

BScan 

Order 

Notes 

3 

1 

- 


537 


3 

2 

32 

43 

534 


3 

3 

33 

44 

531 

[1] 

3 

4 

- 

39 

528 


3 

5 

34 

45 

525 


3 

6 

35 

46 

522 

[1] 

3 

7 

- 

- 

519 


3 

8 

36 

47 

516 


3 

9 

37 

49 

513 


3 

10 

- 

67 

510 


3 

11 

38 

50 

507 


3 

12 

39 

51 

504 


3 

13 

- 

- 

501 


3 

14 

42 

55 

498 

[1] 

3 

15 

43 

56 

495 


3 

16 

- 

80 

492 


3 

17 

44 

57 

489 


3 

18 

- 

- 

486 


4 

1 

- 

- 

483 


4 

2 

152 

198 

480 


4 

3 

153 

199 

477 


4 

4 

- 

196 

474 


4 

5 

154 

200 

471 


4 

6 

155 

201 

468 


4 

7 

- 

- 

465 


4 

8 

156 

202 

462 


4 

9 

158 

205 

459 


4 

10 

- 

69 

456 


4 

11 

159 

206 

453 

[1] 

4 

12 

2 

3 

450 

[1] 

4 

13 

- 

- 

447 


4 

14 

3 

4 

444 


4 

15 

4 

5 

441 

[1] 

4 

16 

- 

203 

438 


4 

17 

5 

6 

435 


4 

18 

- 

- 

432 
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XC95216 In-System Programmable CPLD 


XC95216 I/O Pins (continued) 


Function 

Block 

Macrocell 

PQ160 

HQ208 

BScan 

Order 

Notes 

7 

1 

- 

- 

321 


7 

2 

58 

76 

318 


7 

3 

59 

77 

315 


7 

4 

- 

54 

312 


7 

5 

60 

78 

309 


7 

6 

62 

82 

306 


7 

7 

- 

- 

303 


7 

8 

63 

83 

300 


7 

9 

64 

84 

297 


7 

10 

- 

91 

294 


7 

11 

65 

85 

291 


7 

12 

66 

86 

288 


7 

13 

- 

- 

285 


7 

14 

67 

87 

282 


7 

15 

68 

88 

279 


7 

16 

- 

48 

276 


7 

17 

69 

89 

273 


7 

18 

- 

- 

270 


8 

1 

- 

- 

267 


8 

2 

126 

162 

264 


8 

3 

128 

164 

261 


8 

4 

- 

143 

258 


8 

5 

129 

166 

255 


8 

6 

130 

167 

252 


8 

7 

- 

- 

249 


8 

8 

131 

170 

246 


8 

9 

132 

171 

243 


8 

10 

- 

195 

240 


8 

11 

133 

173 

237 


8 

12 

134 

174 

234 


8 

13 

- 

- 

231 


8 

14 

135 

175 

228 


8 

15 

138 

178 

225 


8 

16 

- 

189 

222 


8 

17 

139 

179 

219 


8 

18 

- 

- 

216 



Function 

Block 

Macrocell 

PQ160 

HQ208 

BScan 

Order 

Notes 

5 

1 

- 

- 

429 


5 

2 

45 

58 

426 


5 

3 

46 

60 

423 


5 

4 

- 

41 

420 


5 

5 

48 

61 

417 


5 

6 

49 

63 

414 


5 

7 

- 

- 

411 


5 

8 

50 

64 

408 


5 

9 

52 

70 

405 


5 

10 

- 

109 

402 


5 

11 

53 

71 

399 


5 

12 

54 

72 

396 


5 

13 

- 

- 

393 


5 

14 

55 

73 

390 


5 

15 

56 

74 

387 


5 

16 

- 

40 

384 


5 

17 

57 

75 

381 


5 

18 

- 

- 

378 


6 

1 

- 

- 

375 


6 

2 

140 

180 

372 


6 

3 

142 

182 

369 


6 

4 

- 

208 

366 


6 

5 

143 

185 

363 


6 

6 

144 

186 

360 


6 

7 

- 

- 

357 


6 

8 

145 

187 

354 


6 

9 

146 

188 

351 


6 

10 

- 

183 

348 


6 

11 

147 

191 

345 


6 

12 

148 

192 

342 


6 

13 

- 

- 

339 


6 

14 

149 

193 

336 


6 

15 

150 

194 

333 


6 

16 

- 

169 

330 


6 

17 

151 

197 

327 


6 

18 

- 

- 

324 
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KXILINX 


XC95216 I/O Pins (continued) 


Function 

Block 

Macrocell 

PQ160 

HQ208 

BScan 

Order 

Notes 

11 

1 

- 

- 

105 


11 

2 

87 

115 

102 


11 

3 

88 

116 

99 


11 

4 

- 

119 

96 


11 

5 

89 

117 

93 


11 

6 

90 

118 

90 


11 

7 

- 

- 

87 


11 

8 

91 

121 

84 


11 

9 

92 

122 

81 


11 

10 

- 

107 

78 


11 

11 

93 

123 

75 


11 

12 

95 

125 

72 


11 

13 

- 

- 

69 


11 

14 

96 

126 

66 


11 

15 

97 

127 

63 


11 

16 

- 

120 

60 


11 

17 

98 

128 

57 


11 

18 

- 

- 

54 


12 

1 

- 

- 

51 


12 

2 

i 

101 

131 

48 


12 

3 

102 

133 

45 


12 

4 

- 

106 

42 


12 

5 

103 

134 

39 


12 

6 

104 

135 

36 


12 

7 

- 

- 

33 


12 

8 

105 

136 

30 


12 

9 

106 

137 

27 


12 

10 

- 

151 

24 


12 

11 

107 

138 

21 


12 

12 

108 

139 

18 


12 

13 

- 

- 

15 


12 

14 

109 

140 

12 


12 

15 

111 

145 

9 


12 

16 

- 

142 

6 


12 

17 

112 

146 

3 


12 

18 

- 

- 

0 



Function 

Block 

Macrocell 

PQ160 

HQ208 

BScan 

Order 

Notes 

9 

1 

- 

- 

213 


9 

2 

72 

95 

210 


9 

3 

74 

97 

207 


9 

4 

- 

101 

204 


9 

5 

76 

99 

201 


9 

6 

77 

100 

198 


9 

7 

- 

- 

195 


9 

8 

78 

102 

192 


9 

9 

79 

103 

189 


9 

10 

- 

90 

186 


9 

11 

82 

110 

183 


9 

12 

83 

111 

180 


9 

13 

- 

- 

177 


9 

14 

84 

112 

174 


9 

15 

85 

113 

171 


9 

16 

- 

62 

168 


9 

17 

86 

114 

165 


9 

18 

- 

- 

162 


10 


- 

- 

159 


10 

2 

113 

147 

156 


10 

3 

114 

148 

153 


10 

4 

- 

144 

150 


10 

5 

115 

149 

147 


10 

6 

116 

150 

144 


10 

7 

- 

- 

141 


10 

8 

117 

152 

138 


10 

9 

118 

154 

135 


10 

10 

- 

168 

132 


10 

11 

119 

155 

129 


10 

12 

122 

158 

126 


10 

13 

- 

- 

123 


10 

14 

123 

159 

120 


10 

15 1 

124 

160 

117 


10 

16 

- 

165 

114 


10 

17 

125 

161 

111 


10 

18 



108 
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XC95216 In-System Programmable CPLD 


XC95216 Global, JTAG and Power Pins 


Pin Type 

PQ160 

HQ208 

l/O/GCKI 

33 

44 

I/0/GCK2 

35 

46 

I/0/GCK3 

42 

55 

l/O/GTSI 

6 

7 

I/0/GTS2 

8 

9 

I/0/GTS3 

2 

3 

I/0/GTS4 

4 

5 

l/O/GSR 

159 

206 

TCK 

75 

98 

TDI 

71 

94 

TDO 

136 

176 

TMS 

73 

96 

V CCINT 5 V 

10,46,94,157 

11,59, 124, 153, 204 

VcciO 3-3 V/5 V 

1,41,61,81,121,141 

1,26, 53, 65, 79, 92, 105, 132, 157, 172, 
181, 184 

GND 

20,31,40,51,70,80,99,100,110,120, 

127,137,160 

2,13, 24, 27, 42, 52, 68, 81,93, 104, 108, 
129, 130, 141, 156, 163, 177, 190, 207 


Ordering Information 


XC95216 -10 HQ 208 C 


Device Type —I 


1— Temperature Range 


Speed 

Speed Options 

-20 20 ns pin-to-pin delay 

-15 15 ns pin-to-pin delay 

-10 10 ns pin-to-pin delay 

Packaging Options 

PQ160 160-Pin Plastic Quad Flat Pack (PQFP) 
HQ208 208-Pin Power Quad Flat Pack (HQFP) 


1 -Number of Pins 

— Package Type 


Temperature Options 

C Commercial 0°C to 70°C 
I Industrial -40°C to 85°C 


Component Availability 


Pins 

Type 

44 

84 

100 

160 

208 

Plastic 

PLCC 

Plastic 

VQFP 

Plastic 

PLCC 

Plastic 

PQFP 

Plastic 

TQFP 

Plastic 

PQFP 

Power 

QFP 

Code 

PC44 

VQ44 

PC84 

PQ100 

TQ100 

PQ160 

HQ208 

-20 






C(l) 

C(l) 

XC95216 -15 






c 

c 

-10 






c 

c 


X5916 
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KXILINX 

XC95288 In-System 
Programmable CPLD 

February 1996 

Advance Product Information 


Features 

• 10 ns pin-to-pin logic delays on all pins 

• f CNT to 111 MHz 

• 288 macrocells with 6,400 usable gates 

• Up to 288 user I/O pins 

• 5 V in-system programmable 

- Endurance of 10,000 program/erase cycles 

- Program/erase overfull voltage and temperature 
range 

• Enhanced pin-locking architecture 

• Flexible 36V18 Function Block 

- 90 product terms drive any or all of 18 macrocells 
within Function Block 

- Global and product term clocks, output enables, set 
and reset signals 

• Extensive IEEE Std 1149.1 boundary-scan (JTAG) 
support 

• Programmable power reduction mode in each 
macrocell 

• Slew rate control on individual outputs 

• User programmable ground pin capability 

• Extended pattern security features for design 
protection 

• High-drive 24 mA outputs with 3.3 V or 5 V I/O 
capability 

• PCI compliant (-10 speed grade) 

• Advanced 0.6 pm CMOS 5V FastFLASH technology 

• Available in a 208-pin HQFP package 


Description 

The XC95288 is a high-performance CPLD providing 
advanced in-system programming and test capabilities 
for general purpose logic integration. It is comprised of 
sixteen 36V18 Function Blocks, providing 6,400 usable 
gates with propagation delays of 10 ns. See Figure 1 for 
the architecture overview. 

Power Management 

Power dissipation can be reduced in the XC95288 by 
configuring macrocells to standard or low-power modes 
of operation. Unused macrocells are turned off to mini¬ 
mize power dissipation. 

Operating current for each design can be approximated 
for specific operating conditions using the following 
equation: 

Ice (mA) = 

MC hp (1.7) + MC lp (0.9) + MC (0.006 mA/M Hz) f 
Where: 

MC H p = Macrocells in high-performance mode 
MC lp = Macrocells in low-power mode 
MC = Total number of macrocells used 
f = Clock frequency (MHz) 
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KXILINX 


XC95288 I/O Pins 


Function 

Block 

Macrocell 

HQ208 

BScan 

Order 

Notes 

1 

1 

- 

861 


1 

2 

28 

858 


1 

3 

29 

855 


1 

4 

- 

852 


1 

5 

30 

849 


1 

6 

31 

846 


1 

7 

- 

843 


1 

8 

32 

840 


1 

9 

- 

837 


1 

10 

33 

834 


1 

11 

- 

831 


1 

12 

34 

828 


1 

13 

- 

825 


1 

14 

35 

822 


1 

15 

36 

819 


1 

16 

- 

816 


1 

17 

37 

813 


1 

18 

- 

810 


2 

i 


807 


2 

2 

15 

804 


2 

3 

16 

801 


2 

4 

- 

798 


2 

5 

17 

795 


2 

6 

18 

792 


2 

7 

- 

789 


2 

8 

19 

786 


2 

9 

- 

783 


2 

10 

20 

780 


2 

11 

- 

777 


2 

12 

21 

774 


2 

13 

- 

771 


2 

14 

22 

768 


2 

15 

23 

765 


2 

16 

- 

762 


2 

17 

25 

759 


2 

18 

- 

756 



Function 

Block 

Macrocell 

HQ208 

BScan 

Order 

Notes 

3 

1 

- 

753 


3 

2 

38 

750 


3 

3 

39 

747 


3 

4 

- 

744 


3 

5 

40 

741 


3 

6 

41 

738 


3 

7 

- 

735 


3 

8 

43 

732 


3 

9 

- 

729 


3 

10 

44 

726 

[1] 

3 

11 

- 

723 


3 

12 

45 

720 


3 

13 

- 

717 


3 

14 

46 

714 

[1] 

3 

15 

47 

711 


3 

16 

- 

708 


3 

17 

48 

705 


3 

18 

- 

702 


4 

1 

- 

699 


4 

2 

3 

696 

[1] 

4 

3 

4 

693 


4 

4 

- 

690 


4 

5 

5 

687 

[1] 

4 

6 

6 

684 


4 

7 

- 

681 


4 

8 

7 

678 

[1] 

4 

9 

- 

675 


4 

10 

8 

672 


4 

11 

- 

669 


4 

12 

9 

666 

[1] 

4 

13 


663 


4 

14 

10 

660 


4 

15 

12 

657 


4 

16 

- 

654 


4 

17 

14 

651 


4 

18 

- 

648 



Notes: [1] Global control pin 

Macrocell outputs to package pins subject to change, contact factory 
for latest information. Power, GND, JTAG and Global Signals are fixed. 
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XC95288 In-System Programmable CPLD 


XC95288 I/O Pins (continued) 


Function 

Block 

Macrocell 

HQ208 

BScan 

Order 

Notes 

5 

1 

- 

645 


5 

2 

49 

642 


5 

3 

50 

639 


5 

4 

- 

636 


5 

5 

51 

633 


5 

6 

54 

630 


5 

7 

- 

627 


5 

8 

55 

624 

[1] 

5 

9 

- 

621 


5 

10 

56 

618 


5 

11 

- 

615 


5 

12 

57 

612 


5 

13 

- 

609 


5 

14 

58 

606 


5 

15 

60 

603 


5 

16 

- 

600 


5 

17 

61 

597 


5 

18 

- 

594 


6 

1 

- 

591 


6 

2 

197 

588 


6 

3 

198 

585 


6 

4 

- 

582 


6 

5 

199 

579 


6 

6 

200 

576 


6 

7 

- 

573 


6 

8 

201 

570 


6 

9 

- 

567 


6 

10 

202 

564 


6 

11 

- 

561 


6 

12 

203 

558 


6 

13 

- 

555 


6 

14 

205 1 

552 


6 

15 

206 

549 

[1] 

6 

16 

- 

546 


6 

17 

208 

543 


6 

18 

- 

540 



Note: [1] Global control pin 


Function 

Block 

Macrocell 

HQ208 

BScan 

Order 

Notes 

7 

1 

- 

537 


7 

2 

62 

534 


7 

3 

63 

531 


7 

4 

- 

528 


7 

5 

64 

525 


7 

6 

66 

522 


7 

7 

- 

519 


7 

8 

67 

516 


7 

9 

- 

513 


7 

10 

69 

510 


7 

11 

- 

507 


7 

12 

70 

504 


7 

13 

- 

501 


7 

14 

71 

498 


7 

15 

72 

495 


7 

16 

- 

492 


7 

17 

73 

489 


7 

18 

- 

486 


8 

1 

- 

483 


8 

2 

186 

480 


8 

3 

187 

477 


8 

4 

- 

474 


8 

5 

188 

471 


8 

6 

189 

468 


8 

7 

- 

465 


8 

8 

191 

462 


8 

9 

- 

459 


8 

10 

192 

456 


8 

11 

- 

453 


8 

12 

193 

450 


8 

13 

- 

447 


8 1 

14 

194 

444 


8 

15 

195 

441 


8 

16 

- 

438 


8 

17 

196 

435 


8 

18 

- 

432 
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KXILINX 


XC95288 I/O Pins (continued) 


Function 

Block 

Macrocell 

HQ208 

BScan 

Order 

Notes 

9 

1 

- 

429 


9 

2 

74 

426 


9 

3 

75 

423 


9 

4 

- 

420 


9 

5 

76 

417 


9 

6 

~rT 

414 


9 

7 

- 

411 


9 

8 

78 

408 


9 

9 

- 

405 


9 

10 

80 

402 


9 

11 

82 

399 


9 

12 

83 

396 


9 

13 

- 

393 


9 

14 

84 

390 


9 

15 

85 

387 


9 

16 

- 

384 


9 

17 

86 

381 


9 

18 

- 

378 


10 

1 

- 

375 


10 

2 

170 

372 


10 

3 

171 

369 


10 

4 

- 

366 


10 

5 

173 

363 


10 

6 

174 

360 


10 

7 

- 

357 


10 

8 

175 

354 


10 

9 

- 

351 


10 

10 

178 

348 


10 

11 

179 

345 


10 

12 

180 

342 


10 

13 

- 

339 


10 

14 

182 

336 


10 

15 

183 

333 


10 

16 

- 

330 


10 

17 

185 

327 


10 

18 

- 

324 



Function 

Block 

Macrocell 

HQ208 

BScan 

Order 

Notes 

11 

1 

- 

321 


11 

2 

87 

318 


11 

3 

88 

315 


11 

4 

- 

312 


11 

5 

89 

309 


11 

6 

90 

306 


11 

7 

- 

303 


11 

8 

91 

300 


11 

9 

- 

297 


11 

10 

95 

294 


11 

11 

97 

291 


11 

12 

99 

288 


11 

13 

- 

285 


11 

14 

100 

282 


11 

15 

101 

279 


11 

16 

- 

276 


11 

17 

102 

273 


11 

18 

- 

270 


12 

1 

- 

267 


12 

2 

158 

264 


12 

3 

159 

261 


12 

4 

- 

258 


12 

5 

160 

255 


12 

6 

161 

252 


12 

7 

- 

249 


12 

8 

162 

246 


12 

9 

- 

243 


12 

10 

164 

240 


12 

11 

165 

237 


12 

12 

166 

234 


12 

13 

- 

231 


12 

14 

167 

228 


12 

15 

168 

225 


12 

16 

- 

222 


12 

17 

169 

219 


12 

18 

- 

216 
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XC95288 In-System Programmable CPLD 


XC95288 I/O Pins (continued) 


Function 

Block 

Macrocell 

HQ208 

BScan 

Order 

Notes 

13 

1 

- 

213 


13 

2 

103 

210 


13 

3 

106 

207 


13 

4 

- 

204 


13 

5 

107 

201 


13 

6 

109 

198 


13 

7 

- 

195 


13 

8 

110 

192 


13 

9 

- 

189 


13 

10 

Ill 

186 


13 

11 

112 

183 


13 

12 

113 

180 


13 

13 

- 

177 


13 

14 

114 

174 


13 

15 

115 

171 


13 

16 

- 

168 


13 

17 

116 

165 


13 

18 

- 

162 


14 

1 

- 

159 


14 

2 

144 

156 


14 

3 

145 

153 


14 

4 

- 

150 


14 

5 

146 

147 


14 

6 

147 

144 


14 

7 

- 

141 


14 

8 

148 

138 


14 

9 

- 

135 


14 

10 

149 

132 


14 

11 

150 

129 


14 

12 

151 

126 


14 

13 

- 

123 


14 

14 

152 

120 


14 

15 

154 

117 


14 

16 

- 

114 


14 

17 

155 

111 


14 

18 

- 

108 



Function 

Block 

Macrocell 

HQ208 

BScan 

Order 

Notes 

15 

1 

- 

105 


15 

2 

117 

102 


15 

3 

118 

99 


15 

4 

- 

96 


15 

5 

119 

93 


15 

6 

120 

90 


15 

7 

- 

87 


15 

8 

121 

84 


15 

9 

- 

81 


15 

10 

122 

78 


15 

11 

123 

75 


15 

12 

125 

72 


15 

13 

- 

69 


15 

14 

126 

66 


15 

15 

127 

63 


15 

16 

- 

60 


15 

17 

128 

57 


15 

18 

- 

54 


16 

1 

- 

51 


16 

2 

131 

48 


16 

3 

133 

45 


16 

4 

- 

42 


16 

5 

134 

39 


16 

6 

135 

36 


16 

7 

- 

33 


16 

8 

136 

30 


16 

9 

- 

27 


16 

10 

137 

24 


16 

11 

138 

21 


16 

12 

139 

18 


16 

13 

- 

15 


16 

14 

140 

12 


16 

15 

142 

9 


16 

16 

- 

6 


16 

17 

143 

3 


16 

18 

- 

0 
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KXILINX 


XC95288 Global, JTAG and Power Pins 


Pin Type 

HQ208 

l/O/GCKI 

44 

I/0/GCK2 

46 

I/0/GCK3 

55 

l/O/GTSI 

7 

I/0/GTS2 

9 

I/0/GTS3 

3 

I/0/GTS4 

5 

l/O/GSR 

206 

TCK 

98 

TDI 

94 

TDO 

176 

TMS 

96 

V CCINT 5 V 

11,59,124,153,204 

V CCI0 3.3 V/5 V 

1,26,53,65,79,92,105, 

132,157,172,181,184 

GND 

2,13,24,27,42,52,68,81, 

93,104,108,129,130, 

141,156,163,177, 

190,207 
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HXILINX’ 


Packages 


Pin 1 ID 



Top View 


Dimensions in Inches 
Lead Pitch 50 Mil 



Side View X3038 


44-Pin Plastic PLCC (PC44) 



44-Pin Plastic PQFP (PQ44) 44-Pin Plastic VQFP (VQ44) 








Packages 



















KXILINX 




14.0 ±0.1 
(0.551 ± 0.002) 
Sq 


16.0 ±0.1 
(0.630 ± 0.002) 
H Sq 


- 1.4 ± 0.1 
(0.055 ± 0.004) 


-0.22 ±0.05 
(0.007 ± 0.002) 


Dimensions in Millimeters 
Dimensions in Parenthesis are in Inches 
Lead Pitch 0.50 mm 



L Stand-Off 
0.05 ± 0.20 


100-Pin Plastic TQFP (TQ100) 


- 1.228 ± 0.010 Sq - 

- 1.102 ±0.004 Sq - 





Dimensions in Inches 
Lead Pitch 0.0256 


160-Pin Plastic PQFP (PQ160) 


-3 





Packages 



208-Pin Power QFP (HQ208) 


4-4 



HXILINX 


SECTION 5 


1 Product Overview 

2 Applications 

3 XC9500 Product Description and Specifications 

4 Packages 


5 JTAG Software 


6 Quality, Testing and Reliability 

7 Sales Offices 





EXILINX 


Using the XC9500 JTAG 
Boundary-Scan Interface 


February 1996 


Application Note 


Introduction 

This document explains the XC9500 boundary-scan 
interface and demonstrates the software available for 
programming and testing XC9500 CPLDs. An appendix 
summarizes JTAG operations and overviews those addi¬ 
tional operations supported by XC9500 CPLDs for in 
system programming. 

Boundary Scan Overview 

IEEE Boundary Scan Standard 1149.1, also known as 
JTAG, is a testing standard described by design rules 
that allow software to reduce test cost. The primary ben¬ 
efit of the standard is its ability to transform difficult 
printed circuit board testing problems into well-struc¬ 
tured ones that software can deal with efficiently. 

The standard defines a hardware architecture and the 
mechanisms for its use to solve these problems. 

The JTAG standard itself defines instructions that can 
be used to perform functional and interconnect tests as 
well as built-in self test procedures. Vendor-specific 
extensions to the standard allow execution of mainte¬ 
nance and diagnostic applications as well as permit 
programming algorithms for reconfigurable parts. It is 
the latter that have been implemented (in addition to all 
the mandatory operations) in the XC9500 family. 


Downloading a Programmed Design File 

The EZTAG Download Cable (Figure 1) connects to the 
parallel printer port of any PC. The cable contains driv¬ 
ers to buffer the signals as they are driven into the 
system. The power for the drivers is derived from the tar¬ 
get system. The cable’s Vcc and GND wires must be 
connected to the corresponding signals on the target 
system. The remaining four wires are to be connected 
to the corresponding JTAG TAP inputs on the target sys¬ 
tem. These inputs are TCK, TDI and TMS and the 
output is TDO. TRST is not supported by the Fast- 
FLASH BSCAN Download cable and if any parts in the 
system have a TRST, this pin should be attached to 
Vcc. The cable pins are clearly labeled. 

Figure 2 shows how the cable is connected to the 
printed circuit board for programming or JTAG testing. 
Be sure to connect all six flying leads to the target board 
and observe the power sequencing recommendations. 


Signal Leads: Connector Pod 



Figure 1. XC9500 JTAG Download Cable 



Figure 2. Target PCB Connected for Program/Test 
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Power sequencing 

Cable protection ensures the parallel port cannot be 
damaged through normal cable operation. For increased 
safety, please ensure the PC is always powered up 
before the target system is. 

EZTAG Download Software 

Upon initiation of the EZTAG Download Software, the 
parallel port is queried to verify the connection of the 
EZTAG Download cable. The target system power must 
be on and the cable attached for proper verification. If 
an error message is returned stating the cable could not 
be found or indicating a cable other than the EZTAG 
Download cable was identified, check the cable power 
connections. Figure 3 shows the EZTAG user interface. 

Using EZTAG 

The following steps outline the downloading procedure: 

1. Make sure that the BSDL files for XC9500 parts are 
stored along the XACT search path. 


2. Invoke EZTAG. 

3. Select the JEDEC files for XC9500 devices or BSDL 
files for other devices for each device in the chain 
ordered from system TDI to TDO. 

4. Select the operations desired for each XC9500 part. 

5. Select BYPASS for each non-XC9500 part (default). 

6. Select the “execute” button and download begins. 

Using the XChecker Cable 

The XChecker cable can be used to program XC9500 
parts as well as operate JTAG testing. In this case, 
attach the TDI, TCK, TMS, Vcc, and GND pins to the tar¬ 
get board with the flying leads so labeled. See Figure 4. 
The TDO signal function will be performed by the 
XChecker signal labeled RD. The EZTAG software will 
automatically query the computer I/O ports and detect 
the existence of the XChecker cable and drive it 
appropriately. 

See Appendix 1 for more details on specific JTAG fea¬ 
tures supported. 


EZTAG - JTAG Download Software 


File Operation Cable Help 



Device Programming Files 
Pc: [MS-DOS_5] JI 


1 c:\ 


B xact9500 


CD data 
CD help 

CD msg 


count4ied 


ffdemo.jed 

ffdemol.jed 

ffdemo2jed 

ffdemo3-jed 


Chain Editing Operations' 


Delate 



Device BSDL Files" 


Be: [MS-DOS_5] jj 


c:\ 

£3 xact9500 
CD xnf90Q0 


xclOSIOObsd 
xclOBI GO.bsd 
xcl 0884. bsd 
xc95108.bsd 


Figure 3. The EZTAG Download Software User Interface 
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Model: DLC4 Af+A 

Power: 5V 100mA Typ. pi in 
Serial: DL-12345 \±/ 


FI XILINX 



Top View 


SENSITIVE 
ELECTRONIC CLKI I 
Made in USA. DEVICE CLK0 I 


Bottom View 


Figure 4. XChecker Cable 


Appendixl - JTAG Details 

The top level schematic of the test logic defined by IEEE 
Std 1149.1 includes several key blocks (see Figure 5): 


The TAP Controller 

The TAP controller responds to control sequences sup¬ 
plied through the test access port (TAP) and generates 
the clocks and control signals required by the other cir¬ 
cuit blocks. 



Figure 5. JTAG Architecture 
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Using the XC9500 JTAG Boundary-Scan interface 


The Instruction Register 

The instruction register is a shift register-based circuit 
and is serially loaded with instructions that select an 
operation to be performed. 

The Data Registers 

These are a bank of shift registers. The stimuli required 
by an operation are serially loaded into the data regis¬ 
ters, selected by the current instruction. Following 
execution of the operation, results can be shifted out for 
examination. 

The JTAG Test Access Port 

The JTAG Test Access Port (TAP) has four pins that 
drive the circuit blocks and control specific operations. 
The TAP loads and unloads instructions and data. The 
four TAP pins are: TMS, TCK, TDI and TDO. The func¬ 
tion of each TAP pin is: 

TMS - Test Mode Select is the mode input signal to the 
TAP Controller. The TAP controller is a 16-state 
finite state machine (FSM) that controls the 
JTAG engine. At the rising edge of TCK, TMS 
determines the TAP controller state sequence. 
TMS has an internal pull-up resistor to provide a 
logic 1 to the system if TMS is not driven. 


TCK - JTAG test clock. TCK sequences the TAP con¬ 
troller as well as all JTAG registers in 
FastFLASH. 

TDI - Test Data Input is the serial data input to all 
JTAG instruction and data registers. 

The TAP controller state and instruction register 
contents determine which register is fed by TDI 
for any operation. TDI has an internal pull-up 
resistor on it to provide a logic 1 to the system if 
TDI is not driven. TDI is loaded into the JTAG 
registers on TCK’s rising edge. 

TDO - Test Data Out is the serial data output for all 
JTAG instruction and data registers. The TAP 
controller state and instruction register contents 
determine which register feeds TDO for a spe¬ 
cific operation. Only one register (instruction or 
data) is connected between TDI and TDO for 
any JTAG operation. TDO changes state on 
TCK’s falling edge and is only active during the 
shifting of data through the device. TDO is three- 
stated at all other times. 

JTAG TAP Controller 

The TAP Controller is a 16-state FSM, that controls the 
loading of data into the various JTAG registers. A state 
diagram of the TAP controller is shown in Figure 6. The 



Figure 6. TAP Controller State Diagram 
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state of TMS at the rising edge of TCK determines the 
sequence of state transitions. There are basically two 
state transition paths for sampling the signal at TDI - 
one for shifting information to the instruction register 
and one for shifting data into the data register. 

JTAG TAP Controller States 

a) Test-Logic-Reset 

This state is entered on device power-up when at least 
five TCK clocks occur with TMS held high. Entry into 
this state resets all JTAG logic to not interfere with the 
normal component logic, and loads the IDCODE instruc¬ 
tion into the instruction register. 

b) Run-Test-ldle 

In this state certain operations can occur depending on 
the current instruction. For the XC9500 family, “Run- 
Test-ldle” causes generation of the program, verify, 
erase, and POR pulses when the associated ISP instruc¬ 
tion is active. 

c) Select-DR-Scan 

This is a transitional state entered prior to performing a 
scan operation on a data register or in passing to the 
Select-1 R-Scan state. 

d) Select-IR-Scan 

This is a transitional state entered prior to performing a 
scan operation on the instruction register or in returning 
to the Test-Logic-Reset state. 

e) Capture-DR 

“Capture-DR” allows data to be loaded from parallel 
inputs into the data register selected by the current 
instruction at the rising edge of TCK. If the selected data 
register has no parallel inputs, the register retains its 
state. 

f) Shift-DR 

In this state data is shifted by one stage in the currently 
selected register from TDI towards TDO by one stage 
on each rising edge of TCK. 

g) Exitl-DR 

This is a transitional state allowing the option of passing 
to the Pause- DR state or transitioning directly to the 
Update-DR state. 

h) Pause-DR 

This is a wait state that allows shifting of data to be tem¬ 
porarily halted. 


i) Exit2-DR 

This is a transitional state allowing the option of passing 
to the Update-DR state or returning to the Shift-DR state 
to continue accepting data. 

j) Update-DR 

In this state the data contained in the currently selected 
data register is loaded into a latched parallel output (for 
registers that have such a latch) on the falling edge of 
TCK after entering this state. The parallel latch prevents 
changes at the parallel register output from occurring 
during the shifting process. 

k) Capture-1 R 

In this state data is loaded from parallel inputs into the 
instruction register on the rising edge of TCK. The least 
two significant bits of the parallel inputs must have the 
value 01, and the remaining 6 bits are either hard-coded 
or used for monitoring the security and data protect bits. 

l) Shift-IR 

In this state instruction register values are shifted one 
stage towards TDO on each rising TCK edge. 

m) Exitl-IR 

Exitl-IR is a transitional state allowing the option of tran¬ 
sitioning to the Pause-1 R state or the Update-IR state. 

n) Pause-IR 

Pause-1 R allows shifting of the instruction to be tempo¬ 
rarily halted. 

o) Exit2-IR 

Exit2-IR is a transitional state allowing the option of 
passing to the Update-IR state or returning to the Shift- 
IR state to continue shifting in data. 

p) Update-IR 

In this state instruction register values are parallel 
latched out on the falling edge of TCK. The parallel latch 
prevents changes at the parallel output of the instruction 
register from occurring during the shifting process. 

JTAG Instructions Supported in XC9500 Parts 
Mandatory Boundary Scan Instructions 

BYPASS 

The BYPASS instruction configures the part to bypass 
the scan registers and pass immediately to TDO. 
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SAMPLE/PRELOAD 

The SAMPLE/PRELOAD instruction allows a snapshot 
of the normal operation of a components to be taken 
and examined. It also allows data values to be loaded 
onto the latched parallel outputs of the boundary scan 
shift register prior to the selection of other boundary- 
scan test instructions. 

EXTEST 

The EXTEST instruction allows testing of off-chip cir¬ 
cuitry and board level interconnections. 

XC9500 Additional Boundary Scan Instructions 
INTEST 

The INTEST instruction allows testing of the on-chip sys¬ 
tem logic while the component is already on the board. 

HIGHZ 

HIGHZ permits automatic placement of all outputs on 
the XC9500 part to high impedance (3-state) mode. 
This condition can be beneficial for board testing 
strategies. 

IDCODE 

The IDCODE instruction allows blind interrogation of the 
components assembled onto a printed circuit board to 
determine what components exist in a system. 

USERCODE 

The USERCODE instruction allows a user-programma¬ 
ble identification code to be shifted out for examination. 
This allows the programmed function of the component 
to be determined. 

XC9500 Reconfiguration Instructions 

ISPEN 

ISPEN instruction activates the XC9500 part for In-Sys¬ 
tem Programming. 

FPGM 

The FPGM instruction programs bits at specified 
addresses. 

FERASE 

FERASE instruction erases a block of programming 
cells. 

FVFY 

FVFY verifies the programming at specified addresses. 
ISPEX 

ISPEX transfers the XC9500 memory cell contents to 
internal low power configuration latches. 


Device Operations 

The programming information is extracted from the 
JEDEC file generated by the fitter software. The JEDEC 
file name is defaulted to <design>.jed. The file of this 
name is searched for along the XACT path. 

Device operation options available to users are: 

1. Program & Verify 

Download contents of the JEDEC file to the device pro¬ 
gramming registers. Configure the device and read back 
the contents of device programming registers and com¬ 
pare it with the JEDEC file. Report any differences to 
the user. 

2. Verify 

Read back contents of the device programming regis¬ 
ters and compare it with the JEDEC file. 

3. Erase 

Clear the device configuration information. 

4. Functional Test 

Apply user-specified functional vectors from the JEDEC 
file to the device, comparing results obtained with 
expected values. Report any differences. 

5. Read Device ID 

Read and display the contents of the JTAG IDCODE 
register. 

6. Read User Signature 

The signature value will have been set by the user at 
programming time. It is valid only after programming. 
This function reads the contents of the JTAG USER- 
CODE register and displays the result. 

7. Bypass 

Ignore this device when addressing devices in the JTAG 
boundary scan chain. 

8. Readback 

Extracts contents of device programming registers and 
creates a new JEDEC file with the results. 

9. Checksum 

Extract the contents of device programming registers 
and calculate a checksum for comparison with the 
expected value 

Feedback 

Detailed information regarding any failure conditions is 
located in the system log file. This file is displayed at the 
end of the run. 
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Disconnecting 

Turn off the target system power before disconnecting 
the XC9500 BSCAN Download cable. 

Modifying a Programmed Design File 

The flow is identical for a modified programmed design 
file of any modification size. 

BSDL Summary 

The Boundary Scan Description Language (BSDL) 
describes the boundary scan features of a component. 
One BSDL file is required for each kind of XC9500 
device in the system.The system looks for BSDL files 
along the XACT path and in the current working direc¬ 
tory. The name of the BSDL file is assumed to be 
<device name>.bsd. 

JEDEC Summary 

Fuse map and functional verification vector file. The 
JEDEC file is an ASCII file containing the configuration 
information and optionally the vectors that can be used 
to verify the functional behaviour of the configured part. 
One JEDEC file is generated for each XC9500 device in 
the system. 

The system looks for the JEDEC files along the XACT 
path and in the current working directory. The name of 
the JEDEC file is assumed to be <design name>.jed. 
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£ XILINX 


Quality Assurance Program 

Quality Assurance encompasses all aspects of com¬ 
pany business. Xilinx continually strives to improve 
quality to meet customer’s changing needs and expecta¬ 
tions. To do this, the company is dedicated to the 
following. 

• To provide a broad range of products and services 
that satisfy both the expectations of customers and 
the company’s stringent quality standards. 

• To emphasize open communication with customers 
and suppliers, supported with the necessary statisti¬ 
cal data. 

• To continually improve the quality of Xilinx products, 
services, and company efficiency 

• To maintain a work environment that fosters quality 
and reliability leadership and excellence. 

From its inception, Xilinx has been committed to deliver¬ 
ing the highest quality, most reliable programmable 
logic available. A strong Quality Assurance and Reliabil¬ 
ity program begins at the initial design stages and is 
carried through to final shipment. An extensive, on¬ 
going reliability-testing program is used to predict the 
field performance of all Xilinx devices. 

These tests provide an accelerated method of emulating 
long-term system operation in severe field environ- Wafer-Sort, Assembly and Final Flow for Xilinx XC9500 
ments. From the performance of the devices during Devices 
these tests, predictions of actual field performance 
under a variety of conditions can be easily calculated. 

Xilinx is committed to customer satisfaction. By adher¬ 
ing to the highest quality standards, the company has 
achieved leadership in the CPLD and FPGA manufactur¬ 
ing areas. 

Quarterly reports describing the nature and purpose of 
the various reliability tests performed on finished 
devices are available. Please contact the Quality Assur¬ 
ance and Reliability Department at Xilinx. 

















Xilinx Quality Assurance 
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XILINX 
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Tel: (44) 1-932-349401 
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Tel: (49) 89-991549-0 
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JAPAN 

XILINX K. K. 

Daini-Nagaoka Bldg. 2F 
2-8-5, Hatchobori, Chuo-ku 
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Japan 

Tel: (81) 3-3297-9191 
FAX: (81)3- 3297-9189 

ASIA PACIFIC 
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Hing Fong Road 
Kwai Fong, N T. 

Hong Kong 

Tel: 852-2-424-5200 

FAX: 852-2-2494-7159 
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Tel: 205-830-2533 
FAX: 205-830-5567 
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Suite 1 

Tempe, AZ 85282 
(602) 820-7050 
FAX: 602-820-7054 
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Bonser-Philhower Sales 
689 W. Renner Road 
Suite 101 

Richardson, TX 75080 
(214) 234-8438 
FAX: 214-437-0897 
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31225 La Baya Dr. #111 
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(818) 865-6222 
FAX: 818-865-6223 
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17862 17th St. Suite 207 
Tustin, CA 92680 
(714) 731-9206 
FAX: 714-731-7801 

Quest-Rep Inc. 
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San Diego, CA 92121 
(619) 622-5040 
FAX: 619-622-5047 

Norcomp 

1267 Oakmead Pkwy 
Sunnyvale, CA 94086 
(408) 733-7707 
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Norcomp 
8880 Wagon Way 
Granite Bay, CA 95746 
(916) 791-7776 
FAX: 916-791-2223 
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Luscombe Engineering, Inc. 

1500 Kansas Ave. Suite 1B 
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John E. Boeing, Co., Inc. 

101 Harvest Park, Bldg. 1A 
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122 N. York Rd., Suite 9 
Hatboro, PA 19040 
(215) 957-0600 
FAX: 215-957-0920 

FLORIDA 
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657 Maitland Avenue 
Altamonte Springs, FL 32701 
(407) 831-8233 
FAX: 407-831-2844 

Semtronic Assoc., Inc. 

3471 N. W. 55th Street 
Ft. Lauderdale, FL 33309 
(305) 731-2484 
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1467 South Missouri Avenue 
Clearwater, FL 34616 
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GEORGIA 

Electro Source 
3280 Pointe Parkway, #1500 
Norcross, GA 30092 
Tel: 770-734-9898 
FAX: 770-734-9977 

IDAHO (Southwest) 

Thorson Pacific, Inc. 
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Bellevue, WA 98007 
(206) 603-9393 
FAX: 206-603-9380 

Luscombe Engineering, Inc. 
670 East 3900 South #103 
Salt Lake City, UT 84107 
(801) 268-3434 
FAX: 801-266-9021 

ILLINOIS 

Beta Technology Sales, Inc. 

1009 Hawthorn Drive 
Itasca, IL 60143 
(708) 250-9586 
FAX: 708-250-9592 

Advanced Technical Sales 
13755 St. Charles Rock Rd. 
Bridgeton, MO 63044 
(314)291-5003 
FAX: 314-291-7958 

INDIANA 

Gen II Marketing,Inc. 

31 E. Main St. 

Carmel, IN 46032 
(317) 848-3083 
FAX: 317-848-1264 

Gen II Marketing, Inc. 

1415 Magnavox Way 
Sutie 130 

Ft. Wayne, IN 46804 
(219) 436-4485 
FAX: 219-436-1977 

IOWA 

Advanced Technical Sales 
375 Collins Road N.E. 

Cedar Rapids, IA 52402 
(319) 393-8280 
FAX: 319-393-7258 

KANSAS 

Advanced Technical Sales 
2012 Prairie Cir. Suite A 
Olathe, KS 66062 
(913) 782-8702 
FAX: 913-782-8641 


KENTUCKY 

Gen II Marketing, Inc. 

861 Corporate Dr. #210 
Lexington, KY 40503 
(606) 223-9181 
FAX: (606) 223-2864 

LOUISIANA (Northern) 

Bonser-Philhower Sales 
689 W. Renner Rd., Suite 101 
Richardson, TX 75080 
(214) 234-8438 
FAX: 214-437-0897 

LOUISIANA (Southern) 

Bonser-Philhower Sales 
10700 Richmond, Suite 150 
Houston, TX 77042 
(713) 782-4144 
FAX: 713-789-3072 

MAINE 

Genesis Associates 
128 Wheeler Road 
Burlington, MA 01803 
(617) 270-9540 
FAX: 617-229-8913 

MARYLAND 

Micro Comp, Inc. 

1421 S. Caton Avenue 
Baltimore, MD 21227-1082 
(410) 644-5700 
FAX: 410-644-5707 

MASSACHUSETTS 

Genesis Associates 
128 Wheeler Road 
Burlington, MA 01803 
(617) 270-9540 
FAX: 617-229-8913 

MICHIGAN 

Miltimore Sales Inc. 

22765 Heslip Drive 
Novi, Ml 48375 
(810) 349-0260 
FAX: 810-349-0756 

Miltimore Sales Inc. 

3684 44th St., Suite 100-J 
Kentwood, Ml 49512 
(616)-554-9292 
FAX: 616-554-9210 

MINNESOTA 

Beta Technology 
18283 Minnetonka Blvd. 

Suite C 

Deephaven, MN 55391 
(612) 473-2680 
FAX: (612)473-2690 
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Electro Source 
4835 University Sq., Ste.11 
Huntsville, AL 35816 
Tel: 205-830-2533 
FAX: 205-830-5567 
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Advanced Technical Sales 
2012 Prairie Cir. Suite A 
Olathe, KS 66062 
(913) 782-8702 
FAX: 913-782-8641 

Advanced Technical Sales 
13755 St. Charles Rock Rd. 
Bridgeton, MO 63044 
(314) 291-5003 
FAX: 314-291-7958 

MONTANA 

Luscombe Engineering, Inc. 
670 East 3900 South #103 
Salt Lake City, UT 84107 
(801)268-3434 
FAX: 801-266-9021 

NEBRASKA 

Advanced Technical Sales 
375 Collins Road N.E. 

Cedar Rapids, IA 52402 
(319) 393-8280 
FAX: 319-393-7258 
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Norcomp 
8880 Wagon Way 
Granite Bay, CA 95748 
(916) 791-7776 
FAX: 916-791-2223 
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(Las Vegas) 

4645 S. Lakeshore Dr., Suite 1 
Tempe, AZ 85282 
(602) 820-7050 
FAX: 602-820-7054 
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Genesis Associates 
128 Wheeler Road 
Burlington, MA 01803 
(617) 270-9540 
FAX: 617-229-8913 

NEW JERSEY (Northern) 

Parallax 

734 Walt Whitman Road 
Melville, NY 11747 
(516) 351-1000 
FAX: 516-351-1606 

NEW JERSEY (Southern) 

Delta Technical Sales, Inc. 
122 N. York Road, Suite 9 
Hatboro, PA 19040 
(215) 957-0600 
FAX: 215-957-0920 


NEW MEXICO 

Quatra Associates 
600 Autumwood Place, S. E. 
Albuquerque, NM 87123 
(505) 296-6781 
FAX: 505-292-2092 
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Parallax 

734 Walt Whitman Road 
Melville, NY 11747 
(516) 351-1000 
FAX: 516-351-1606 

NEW YORK 

Electra Sales Corp. 

333 Metro Park 
Suite Ml 03 
Rochester, NY 14623 
(716) 427-7860 
FAX: 716-427-0614 

Electra Sales Corp. 

6700 Old Collamer Rd. 

E. Syracuse, NY 13057 
(315) 463-1248 
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Electro Source 
6050 C Six Forks Rd. 

Raleigh, NC 27609 
Tel: 919-846-5888 
FAX: 919-846-0408 

NORTH DAKOTA 

Beta Technology 
18283 Minnetonka Blvd. 

Suite C 

Deepaven, MN 55391 
(612) 473-2680 
FAX: (612) 473-2690 

OHIO 
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3554 Brecksville Road 
PO Box 427 

Richfield, OH 44286-0427 
(216) 659-3131 
FAX: 216-659-4823 

Bear Marketing, Inc. 
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Suite 115 
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(513) 436-2061 
FAX: 513-436-9137 

OKLAHOMA 

Bonser-Philhower Sales 
689 W. Renner Rd., Suite 101 
Richardson, TX 75080 
(214) 234-8438 
FAX: 214-437-0897 
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Thorson Pacific, Inc. 

9600 S.W. Oak Street, 
Suite 320 

Portland, OR 97223 
(503) 293-9001 
FAX: 503-293-9007 

PENNSYLVANIA 

Delta Technical Sales, Inc. 
122 N. York Rd., Suite 9 
Hatboro, PA 19040 
(215) 957-0600 
FAX: 215-957-0920 

Bear Marketing, Inc. 

4284 Rt. 8, Suite 211 
Allison Park, PA 15101 
(412) 492-1150 
FAX: 412-492-1155 

PUERTO RICO 

Semtronic Assoc., Inc 
Crown Hills 
125 Carite ST. 

Esq. Avenue Parana 
Rio Piedras, P.R. 00926 
(809) 766-0700/0701 
FAX: 809-763-8071 

RHODE ISLAND 

Genesis Associates 
128 Wheeler Road 
Burlington, MA 01803 
(617) 270-9540 
FAX: 617-229-8913 

SOUTH CAROLINA 

Electro Source 
6050 C Six Forks Rd. 
Raleigh NC 27609 
Tel: 919-846-5888 
FAX: 919-846-0408 

SOUTH DAKOTA 

Beta Technology 
18283 Minnetonka Blvd. 
Suite C 

Minnetonka, MN 55345 
(612) 473-2680 
FAX: (612) 473-2690 

TENNESSEE 

Electro Source 
6050 C Six Forks Rd. 
Raleigh, NC 27609 
Tel: (919) 846-5888 
FAX: 919-846-0408 

TEXAS 

Bonser-Philhower Sales 
8240 MoPac Expwy. 

Suite 295 
Austin, TX 78759 
(512) 346-9186 
FAX: 512-346-2393 


Bonser-Philhower Sales 
689 W. Renner Rd., Suite 101 
Richardson, TX 75080 
(214) 234-8438 
FAX: 214-437-0897 

TEXAS (El Paso County) 

Quatra Associates 
600 Autumwood Place SE 
Albuquerque, NM 87123 
(505) 296-6781 
FAX: 505-292-2092 

UTAH 

Luscombe Engineering Co. 
670 East 3900 South #103 
Salt Lake City, UT 84107 
(801) 268-3434 
FAX: 801-266-9021 

VERMONT 

Genesis Associates 
128 Wheeler Road 
Burlington, MA 01803 
(617) 270-9540 
FAX: 617-229-8913 

VIRGINIA 

Micro Comp, Inc. 

881 ITimberlake Rd. 

Suite 107 

Lynchburg, VA 24502 
(804) 239-2626 
FAX: 804-239-1333 

WASHINGTON 

Thorson Pacific, Inc. 

14575 Bel-Red Rd. 

Suite 102 

Bellevue, WA 98007 
(206) 603-9393 
FAX: 206-603-9380 

WASHINGTON 
(Vancouver, WA only) 

Thorson Pacific, Inc. 

9600 S.W. Oak Street 
Suite 320 

Portland, OR 97223 
(503) 293-9001 
FAX: 503-993-9007 

WASHINGTON D.C. 

Micro Comp, Inc. 

1421 S. Caton Avenue 
Baltimore, MD 21227-1082 
(410) 644-5700 
FAX: 410-644-5707 

WEST VIRGINIA 

Bear Marketing, Inc. 

4284 Rt. 8 Suite 211 
Allison Park, PA 15101 
(412) 492-1150 
FAX:412-492-1155 


WISCONSIN (Western) 

Beta Technology 
18283 Minnetonka Blvd. 

Suite C 

Minnetonka, MN 55345 
(612) 473-2680 
FAX: 612-473-2690 

WISCONSIN (Eastern) 

Beta Technology Sales, Inc. 
9401 N. Beloit, Suite 409 
Milwaukee, Wl 53227 
(414) 543-6609 
FAX: 414-543-9288 

WYOMING 

Luscombe Engineering, Inc. 
670 East 3900 South #103 
Salt Lake City, UT 84107 
(801) 268-3434 
FAX: 801-266-9021 

INTERNATIONAL 

SALES 

REPRESENTATIVES 

ASEAN 

(Singapore, Malaysia, 
Indonesia, Thailand, 
Phillippines, Brunei) 

MEMEC Asia Pacific Ltd. 

10 Anson Rd. #14-02 
International Plaza 
Singapore 0207 

Tel: (65) 222-4962 
FAX: (65) 222-4939 

AUSTRALIA 

Advanced Component Dist. 
Suite 5, Level 1, "Metro Centre" 
124 Forest Rd. Hurstville 2220 
P.O.Box 574 Hurstville 2220 
Australia 

Tel: (61)2-585-5030 
FAX: (61)2-580-1095 

Advanced Component Dist. 
Unit 1,14 Melrich Road 
Bayswater VIC 3153 
Melbourne, Australia 
Tel: (61) 3-9762-4244 
FAX: (61) 3-9761-1754 

Advanced Component Dist. 
Enterprise Unit 1, Suite 1 

11 Brodie Hall Drive 
Bentley WA6102 
Australia 

Tel: (61) 9-472-3232 
FAX: (61) 9-470-2303 

Advanced Component Dist. 
20D William Street 
Norwood SA 5067 
Australia 

Tel: (61)8-364-2844 
FAX: (61)8-364-2811 


Bonser-Philhower Sales 
10700 Richmond, Suite 150 
Houston, TX 77042 
(713) 782-4144 
FAX: 713-789-3072 


Distributed in North America By 


Hamilton/Avnet 
Locations throughout 
the U.S. and Canada. 
1-800-332-8638 
FAX: 1-800-257-0568 


Marshall Industries 
Locations throughout 
the U.S. and Canada. 
1-800-522-0084 
FAX: 818-307-6297 


Insight Electronics 
Locations throughout 
the U.S. 
1-800-677-7716 
FAX: 619-587-1380 


Nu Horizons 
Electronics Corp. 
Locations throughout 
the U.S. 

(516) 226-6000 
FAX: 516-226-6262 
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Advanced Component Dist. 
Ste. 1, 1048 Beaudesert Rd. 
Cooper Plains 
Queensland, 4108 
Australia 

Tel: (61) 7-246-5214 
FAX: (61) 7-275-3662 

AUSTRIA 

SEI Elbatex GmbH 
Eitnergasse 6 
1230 Vienna 
Austria 

Tel: (43) 1-866-4220 
FAX: (43) 1-866-42201 

BELGIUM & LUXEMBURG 

SEI Rodelco NV 
Limburg Stirum 243 
1780 Wemmel 
Belgium 

Tel: (32) 2-460-0560 
FAX: (32) 2-460-0271 

CANADA 

(BRITISH COLUMBIA) 

Thorson Pacific, Inc. 

4170 Still Creek Dr. #200 
Burnaby BC V6C 6C6 
Canada 

Tel: (604) 294-3999 
FAX: (604) 473-7755 

CANADA(ALBERTA) 

Electro Source 
6875 Royal Oak Ave. 

Burnaby BC V5J 4J3 
Canada 

Tel: (604) 435-2533 
FAX: (604)-435-2538 

CANADA (OTTAWA) 

Electro Source, Inc. 

300 March Road, Suite 203 
Kanata, Ontario K2K 2E4 
Canada 

Tel: (613) 592-3214 
FAX: (613)-592-4256 

CANADA (TORONTO) 

Electro Source, Inc. 

230 Galaxy Blvd. 

Rexdale Ontario M9W 5R8 
Canada 

Tel: (416) 675-4490 
FAX: (416)-675-6871 

CANADA(QUEBEC) 

Electro Source 
6600 TransCanada Hwy 
Suite 420 

Point Claire Quebec H9R 4S2 
Canada 

Tel: (514) 630-7486 
FAX: 514-630-7421 

CHINA PEOPLE S 
REPUBLIC 

MEMEC Asia Pacific Ltd. 

Unit No.2308-2319, Tower 1 
Metroplaza, Hing Fong Rd. 
Kwai Fong, N.T. Hong Kong 
Tel: (852) 2410-2780 
FAX: (852) 2401-2518 


CZECH REPUBLIC 

SEI Eljapex/Elbatex GmbH 
Prechodni 11 
CZ-140 00 Praha 4 
Czech Republic 
Tel: (02)-692-8087 
FAX: (02)-471-82-03 

DENMARK 

Micronor ApS 
P.O.Box 929 
Tirvet 1 

DK-8600 Silkeborg 
Denmark 

Tel: (45) 8681-6522 
FAX: (45) 8681-2827 

FINLAND 

Memec Finland Oy 
Vernissakatu Fin-01300 
Vantaa 
Finland 

Tel: (358) 0-7001-9830 
FAX: (358) 0-7001-9839 

FRANCE 

Rep'tronic 

1 Bis, rue Marcel Paul 
Z.l. La Bonde 
F-91742 Massy 
France 

Tel: (33) 1-69536720 
FAX: (33) 1-60139198 

Axess Technology 
49, rue de 1'Est#233#rel 
Silic 600 

94663 Rungis Cedex 
France 

Tel: (33) 1-49-78-94-94 
FAX: (33)1-49-78-03-24 

AVNET/EMG. 

79 Rue Pierre Semard B.P. 90 
92322 Chatillon Cedex 
France 

Tel: (33) 1 49 65 25 00 
FAX : (33) 1 49 65 27 69 

AVNET Composant 

Sud-Ouest 

Technoparc 

Bat.4, Voie 5-BP404 

31314 Labege Cedex 

France 

Tel: (33)61 39 21 12 
FAX: (33) 61 39 21 40 

AVNET Composant 
Aquitaine 

16 Rue Frangois Arago 
Zi du Phare 
33700 Merignac 
France 

Tel: (33) 56 55 92 92 
FAX: (33) 56 34 39 99 

AVNET Composant 

Rhone-Auvergne 

Parc Club du Moulin a Vent 

Bat 32-33, rue du Dr-G.Levy 

69693 Venissieux Cedex 

France 

Tel: (33) 7800-1280 
FAX: (33) 7875-9597 


AVNET Composant 
Saint Etienne 

Le Chatelet-5 place Carnot 
42000 Saint etienne 
France 

Tel: (33) 77 92 77 66 
FAX: (33) 77 92 77 30 

AVNET Composant 
Ouest 

Technoparc-B.t.E 
4 Av. des Peupliers, B.P. 43 
35511 Cesson Sevigne Cedex 
France 

Tel: (33) 99 83 84 85 
FAX: (33) 99 83 80 83 

AVNET Composant 
Rhone-Alpes 
Zac des Bealieres 
23 Av. de Granier 
38240 Meylan 
France 

Tel: (33) 76 90 11 88 
FAX: (33) 76 41 04 90 

AVNET Composant 
Nantes 

Le Sillon de Bretagne 
23e etage-Aile C 
8 Av.des Thebaudieres 
44800 Saint Herblain 
France 

Tel: (33) 40 63 23 00 
FAX: (33) 40 63 22 88 

AVNET Composant 
Marsielle 

17, bd. Andri Aune 
13006 Marseille 
France 

Tel: (33) 91 54 15 28 

GERMANY 

Avnet E2000 
Stahlgruberring 12 
81829 Munchen 
Germany 

Tel: (49) 89-45110228 
FAX: (49) 89-45110-729 

Avnet E2000 
Kurfurstenstr. 126 
10785 Berlin 
Germany 

Tel: (49) 30-2110761 
FAX: (49) 30-2141728 

Avnet E2000 

Friedrich-Ebert-Damm 145 
22047 Hamburg 
Germany 

Tel: (49) 40-696-9520 
FAX: (49) 40-696-2787 

Avnet E2000 
Benzstr. 1 
70826 Gerlingen 
Stuttgart Germany 
Tel: (49)7156-356-0 
FAX: (49) 7156-28084 

Avnet E2000 
Heinrich-Hertz-Str. 52 
40699 Erkrath 
Dusseldorf Germany 
Tel: (49)211-92003-0 
FAX: (49) 211-92003-99 


Avnet E2000 
Schmidtstr. 49 
60326 Frankfurt/M. 
Germany 

Tel: (49) 69-973804-0 
FAX: (49) 69-7380712 

Avnet E2000 
Further Str. 212 
90429 Nurnberg 
Germany 

Tel: (49) 911-93149-0 
FAX: (49) 911-320821 

Metronik GmbH 
Leonhardsweg 2 
82008 Unterhaching 
Munchen Germany 
Tel: (49) 89-611080 
FAX: (49) 89-61108110 

Metronik GmbH 
Zum Lonnenhohl 38 
44319 Dortmund 
Germany 

Tel: (49) 231-927110-0 
FAX: (49) 231-927110-99 

Metronik GmbH 
Carl-Zeiss Str.6 
25451 Quickborn 
Hamburg Germany 
Tel: (49) 4106-773050 
FAX: (49) 4106-773052 

Metronik GmbH 
Osmiastr. 9 
69221 Dossenheim 
Mannheim Germany 
Tel: (49) 6221-87044 
FAX: (49) 6221-87046 

Metronik GmbH 
Pilotystr. 27/29 
90408 Nurnberg 
Germany 

Tel: (49) 911-363536 
FAX: (49) 911-353986 

Metronik GmbH 
Lowenstr. 37 
70597 Stuttgart 
Germany 

Tel: (49)711-764033/35 
FAX: (49) 711-7655181 

Metronik GmbH 
Franz-Schubert-Str. 41 
16548 Glienicke 
Tel: (49) 33056-845-0 
FAX: (49) 33057-845-50 

Metronik GmbH 
Schonauer Str. 113 
04207 Leipzig 
Germany 

Tel: (49) 341-4239413 
FAX: (49) 341-4239424 

Metronik GmbH 
Bahnstrasse 9 
65205 Wiesbaden 
Germany 

Tel: (49) 611-97384-0 
FAX: (49) 611-97384-18 


Intercomp 
Am Hochwald 42 
82319 Starnberg 
Munchen Germany 
Tel: (49) 8151-16044 
FAX: (49) 8151-79270 

Intercomp 
Kniebisstr. 40/1 
78628 Rottweil 
Stuttgart Germany 
Tel: (49) 741-1 48 45 
FAX: (49) 741-1 52 20 

Intercomp 
Schustergasse 35 
55278 Kongernheim 
Frankfurt Germany 
Tel: (49) 6737-9881 
FAX: (49) 6737-9882 

Intercomp 

Hans Ackermann Str.23 
91322 Grafenberg 
Germany 

Tel: (49) 9192-998917 
FAX: (49) 9192-998918 

GREECE 

Peter Caritato & Assoc. S. A. 
Llia lliot, 31 

Athens 11743 Greece 
Tel: (30) 1-9020115 
FAX: (30) 1-9017024 

HONG KONG 

MEMEC Asia Pacific Ltd. 

Unit No. 2308-2319, Tower I 
Metroplaza, Hing Fong Road, 
Kwai Fong, N.T. 

Hong Kong 

Tel: (852) 2410 2780 

FAX: (852) 2401 2518 

HUNGARY 

SEI Dataware KFT/Elbatex 
GmbH 

Angol Utca 22 
H-1149 Budapest 
Hungary 

Tel: (36) 1163 5081 
FAX: (36) 1251-5517 

SEI Eljapex/Elbatex GmbH 
Vaci u 202 
H-1138 Budapest 
Hungary 

Tel: (36) 1-140-9194 
FAX: (36) 1-220-9478 

INDIA 

Core El Micro Systems 
45131 Manzanita Court 
Fremont, California 94539 
USA 

Tel:(510) 770-1066 
FAX: 510-657-1525 

Core El Logic System 
ETD, Crompton Greaves Ltd. 
First Floor, Surya Bhawan 
Fergusson College Rd. 

Pune 411005 India 
Tel: (91) 212-323982 
FAX: (91) 212-332838 

IRELAND 

Memec Ireland Ltd. 

Gardner House 
Bank Place 
Limerick 
Ireland 

Tel: (353) 61-411842 
FAX: (353) 61-411888 
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ISRAEL 

E.I.M International Ltd. 

9 Hashiloach Street 
P.O. Box 4000 
Petach Tikva 49130 
Israel 

Tel: (972) 3-92 33257 
FAX: (972) 3-924 4857 

ITALY 

ACSIS S.R.L. 

Via Alberto Mario. 26 
20149 Milano, Italy 
Tel: (39) 2-48022522 
FAX: (39)2-48012289 

ACSIS S.R.L. 

Via B.Battista Spagnol 61 
00144 Roma, Italy 
Tel: (39) 6-5296589 
FAX: (39) 6-5296588 

Silverstar-Celdis 
Viale Fulvio Testi 280 
20126 Milano, Italy 
Tel: (39) 2-66125 1 
FAX: (39) 2-66101359 

Silverstar-Celdis 
Via Bille.26 
63023 Fermo, 

Ascoli Piceno, Italy 
Tel: (39) 734-226181 
FAX: (39) 734-229330 

Silverstar-Celdis 
Via Collamarini, 22 
40138 Bologna, Italy 
Tel: (39) 51-538500 
FAX: (39) 538831 

Silverstar-Celdis 
Via Paisiello,30 
00198 Roma, Italy 
Tel: (39) 6-8848841 
FAX: (39) 6-8553228 

Silverstar-Celdis 
Piazza Adriano 9 
10139 Torino, Italy 
Tel: (39) 11-43-45700 
FAX: (39) 114473306 

Silverstar-Celdis 
Centro Direzionale Benelli 
Via Del Monaco, 16 
61100 Pesaro, Italy 
Tel: (39) 721-26560 
FAX: (39) 721-400896 

Silverstar-Celdis 
Via Masaccio, 175 
50132 Firenze, Italy 
Tel: (39) 55-572418 
FAX: (39) 55-579575 

Silverstar-Celdis 
Via Marini 20/10 
16033 Lavagna-Genova 
Italy 

Tel: (39) 185-325325 
FAX: (39) 185-325324 

Avent Edelsy 
Avent Adeley S.r.l. 

Centro Direzionale 
Via Novara, 570 
20153 Milano 
Italy 

Tel: (39) 2-381901 
FAX: (39) 2-38002988 


JAPAN 

Okura Electronics Co., Ltd. 
3-6, Ginza 2-chome, 

Chuo-ku, 

Tokyo, 104 Japan 
Tel: (81) 3-3564-6871 
FAX: (81) 3-3564-6870 

Okura Electronics 
Service Co., Ltd. 

Yokota Bldg 
Ginza 2-11-5 
Chuo-Ku, 

Tokyo, 104 Japan 
Tel: (81) 3-3545-2360 
FAX: (81) 3-3545-2351 

Tokyo Electron Ltd. 

TBS Broadcasting Center 

5- 3-6- Akasaka, Mingto-Ku 
Tokyo, 163 Japan 

Tel: (81) 3-5561-7212 
FAX: (81)3-5561-7389 

Towa Elex Co., Ltd. 

Unity Bldg. 5F 

6- 5 Nihonbashi Tomisawa-cho 
Chuo-Ku, Tokyo 103 

Japan 

Tel: (81) 3-5640-1241 
FAX: (81) 3-5640-1240 

Varex Co., Ltd. 

Nippo Shin-Osaka No. 2 Bldg. 
1-8-33, Nishimiyahara, 
Yodogawa-ku, 

Osaka, 532 Japan 
Tel: (81)6-394-5201 
FAX: (81)6-394-5449 

Marubun Corporation 
8-1 Odenma-cho, Nihonbashi 
Chuo-ku Tokyo, 103 
Japan 

Tel: (81) 3-3639-5210 
FAX: (81) 3-3639-3727 

Kaga Electronics Co., Ltd. 
1-26-1 Otowa 
Bunkyo-ky 
Tokay 112, Japan 
Tel: (81) 3-3942-6224 
FAX: (81) 3-3942-6215 

THE NETHERLANDS 

SEI Rodelco BV 
P.O.Box 6824 
Takkebijsters 2 
4802 HV Breda 
The Netherlands 
Tel: (31) 76-5722706 
FAX: (31)76-5710029 

NEW ZEALAND 

Advanced Component Dist. 
P.O.Box 24-500 
Royal Oak, Auckland 
New Zeland 
Tel: (09) 636-5984 
FAX: (09) 636-5985 

Advanced Component Dist 
2 Heath St. 

Wainviomata, Wellington 
New Zeland 
Tel: (64) 4-564-4902 
FAX: (64) 4-564-2243 

Advanced Component Dist. 
Worchester Chambers 
69 Worcester St. 

Christchurch 
New Zeland 
Tel: (64) 3-379-3889 
FAX: (64) 3-379-3072 


NORWAY 

BIT Elektronikk AS 
Smedsvingen 4 
P.O. Box 194 
1364 Hvalstad 
Norway 

Tel: (47) 2-98 13 70 
FAX: (47)2-98 13 71 

POLAND 

SEI NEIjapex/Elbatex GmbH 
Ul. Hoza 29/31-6 
PL-00-521 Warszawa 
Poland 

Tel: (48) 2625-4877 
FAX: (48) 2221-6331 

PORTUGAL 

TECMIC 

Taguspark 

Edificio Inovacao 1, no 222 

2780 Oeiras 

Portugal 

Tel: (351) 1-422-8800 
FAX: (351) 1-422-8809 

RUSSIA 

Scan 

10/32 "B" Druzhby St. 

117330 Moskva 
Russia 

Tel: (7) 095-1436641 
FAX: (7) 095-9382247 

Vostorg 

3 Rue des Acacias 
91370 Verrieres le Buisson 
France 

Tel: (33) 1-6920-4613 
FAX: (33) 1-6011-5543 

SINGAPORE 

MEMEC Asia Pacific Ltd. 
Singapore Representative Office 
10 Anson Road #14-02 
International Plaza 
Singapore 079903 
Tel: (65)-222-4962 
FAX: (65)-222-4939 

Frontline Technologies Ptc. Ltd 
2 Science Park Dr. #57 
The Faraday 
Singapore Science Park 
Singapore 118222 
Tel: (65)-779111 
FAX: (65) 779-4455 

SLOVAK REPUBLIC 

Topoicianska 23 
SQ-851 05 Bratislava 
Tel: (42) 7831-320 
FAX: (42) 7831-320 

SLOVENIA/CROATIA 

SEI Eljapex/Elbatex GmbH 
Stegne 19, PO Box 19 
SLO-61-117 Ljubljana 
Tel: (061) 191-126-507 
FAX: (061) 192-398-507 

SOUTH AFRICA 

South African Micro-Electronic 
Systems (PTV) Ltd. 

P.O.Box 15888 
Lynn East, 0039 

Koedoespoort, Industrial Estates 
Republic of South Africa 
Tel: (27) 12-33-36021 
FAX: (27) 12-33-38071 


Interface International Corp. 
15466 Los Gatos Blvd., 

Suite 211 

Los Gatos, CA 95032 USA 
Tel: (408) 356-0216 
FAX: (408) 356-0207 

SOUTH AMERICA 

DTS Ltda. 

Rosas 1444 

Santiago 

Chile 

Tel: (56) 2-697-0991 
FAX: (56) 2-699-3316 

Reycom Electronica S.A. 

Bdo. de Irigoyen 
972 Piso 2do "B" 

1304 Buenos Aires 
Argentina 

Tel: (54) 1-304-2018 
FAX: (54) 1-304-2010 

Hitech 

Divisao de Hicad Sistemas Ltda. 
Av. Eng. Louiz Carlos Berrini 
801 

90 Andar 
Brooklin Novo 
S„o Paulo, Brazil 
Tel: (55) 11-505-5333 
FAX: (55) 11-505-2914 

SOUTH KOREA 

MEMEC Asia Pacific Ltd. 

4FL, Je Woong Bldg.,176-11 

Nonhyun-dong 

Kangnam-ku 

Seoul,135-010, South Korea 
Tel: (82) 2-518-8181 
FAX: (82) 2-518-9419 

SOUTHEAST ASIA 

MEMEC Asia Pacific Ltd. 

Unit No.2308-2319, Tower I 
Metroplaza, Hing Fong Road, 
Kwai Fong, N.T. 

Hong Kong 

Tel: (852) 410-2780 

FAX: (852) 401-2518 

SPAIN 

SEI ADM Electronics SA 
Calle Tomas Breton, 
no 50, 3-2 Planta 
28045 Madrid 
Spain 

Tel: (34) 1-5304121 
FAX: (34) 1-5300164 

SEI ADM Electronics SA 
Mallorca 1 
08014 Barcelona 
Spain 

Tel: (34) 3-4266892 
FAX: (34) 3-4250544 

SEI ADM Electronica, SA 
Herriko Gudarien, 8-1B 
48200 Durango (Vizcaya) 

Spain 

Tel: (34)-4-6201572 
FAX: (34)-4- 6202331 

SWEDEN 

DipCommit Electronics AB 
Torshamnsgatan 35 
Box 1230 
S-164 28 KISTA 
Sweden 

Tel: (46) 8 752 24 80 
FAX: (46) 8 751 3649 


SWITZERLAND 

Fenner Elektronik AG 
Abteilung Bauteile 
Gewerbestr. 10 
CH-4450 Sissach 
Switzerland 
Tel: (41)61 975 00 00 
FAX: (41)61 971 7420 

TAIWAN 

MEMEC Asia Pacific Ltd. 

14F, No. 46, Lane 11 
Kuang Fu North Road 
Taipei 

Taiwan R.O.C. 

Tel: (886) 2-760-2028 
FAX: (886) 2-765-1488 

TURKEY 

Aztech Electronics Corp 
524 42nd St. #200 
Union City, New Jersey 07087 
Tel: (201) 867-2271 
FAX: (201) 867-2162 

Aztech Electronik 
Kaptanpasa Sokak No. 27/2 
06700 Gaziosmanpasa Ankara 
Turkey 

Tel: (90) 312 447 0384 
FAX: (90) 312 447 0387 

UK 

Microcall Ltd. 

17 Thame Park Road 
Thame 

Oxon OX9 3XD 
England 

Tel: (44) 1-01844-261939 
FAX: (44) 1-01844-261678 

Cedar Technologies 
Unit One Old Barns 
Roycote Lane Farm 
Milton Common 
Oxfordshire OX9 2NZ 
England 

Tel: (44) 1-844-278278 
FAX: (44)1-844-278-378 

Avnet EMG Ltd. 

Jubilee House 
Jubilee Road 
Letchworth 

Hertfordshire SG6 1QH 
England 

Tel: (44) 1-01462-488500 
FAX: (44) 1-01462-488555 

MEMEC PLC 

17 Thame Park Road 

Thame 

Oxfordshire OX9 3XD 
England 

Tel: (44) 1-1844 261919 
FAX: (44) 1-1844 261683 
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H XILINX" 

The Programmable Logic Company™ 

2100 Logic Drive, San Jose, CA 95124-3400 
Tel: 1-408-559-7778 Fax: 1-408-559-7114 


